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.-eNo Second, Third, or Fourth Installment 


Have you counted the cost of 
attaching power supply cords to 
your products? Belden Engineered 
Cords, complete with molded plugs 
or connectors, ready to attach, mean 
no cord grief—no extra costs. 


NO SECOND INSTALL- 
MENT for Higher Installation 
Costs. Engineered to your product, 
Belden Cords make for easy instal- 


CORDITIS-FREE 
CORDS BY... 


lation—eliminate costly extra assem- 
bly operations. 

NO THIRD INSTALL- 
MENT for Rejections. Belden 
Electrical Cords are engineered to 
work —and factory tested. They 
give the plus values that eliminate 
rejections due to cord failure. 


NO FOURTH INSTALL- 
MENT for Returned Goods. 


Belden Cords are engineered for the 
service they encounter. Built far 
above minimum standards, they give 
your product the chance to operate 
without cord failure and to main- 


tain your customer’s good will. 


Investigate Belden Cords . . . you 
will find that besides all these sav- 


ings, the initial price is low, too. 


WIREMAKER 


Belden 
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First half of 1950 appears 
promising; sales should top 
those of 1948. Hike in steel price 
has been generally discounted 
and influence on retail costs 
should be moderate. 


USINESS is taking a hard look 

at 1950 and finds the looking 
not bad. Initial batch of year-end 
forecasts is largely on the optimistic 
side. True enough, 1950 prospects are 
evaluated against 1949 performance, 
which had its weak spots. But this is 
all to the good: it means that with 
the passing of 1949 we have definitely 
passed from postwar febrile boom 
conditions. Let’s summarize some of 
the year-end reviews: 

Survey of its member companies 
by the Research Institute of America 
shows that 48.2 per cent of companies 
replying to date expect to sell more 
units of their products in 1950 than 
they did in 1949. Moreover, 25.5 per 
cent plan to make “significant” new 
commitments in machinery and equip- 
ment. 


Completely new products play 
a major part in 1950 sales strategy, 
according to the RIA survey. One- 
third of all those replying (manufac- 
turers, distributors and retailers) in- 
dicate that they plan to add new 
products or lines to strengthen their 
competitive position. The proportion 
is even higher among the manufactur- 
ing companies (mostly of consumer 
durables and producers’ goods); 
fully 40 per cent plan to add new 
products. Increased advertising and 
enlarged sales forces are the two other 
elements in 1950 sales strategy that 
show up heavily in the replies. 


Big problem, says the report, 
is the cutting of costs. First place in 
the plans calls for improved methods 
of materials handling. Among manu- 
facturing companies, 44.7 per cent 

Headpiece: Test section at end of TV re- 
ceiver assembly lines at Allen B. Du Mont’s 
new assembly plant, East Paterson, N. 
Chassis require no manual lifting at any time 


during entire assembly and test operation. Plant 
has more than 13% miles of conveyor systems. 


6 





INDUSTRIAL 
HORIZON 


plan definite action in this direction. 
Some 37 per cent of all those re- 
sponding also plan to introduce more 
mechanization in their facilities: 
among manufacturers, the percentage 
runs even higher—45 per cent. All in 
all. the trend indicates plenty of op- 
portunities for designers and_pro- 
ducers of improved plant machinery 
in every phase of manufacturing. 
Optimistic viewpoints were also ex- 
pressed at the recent 6th Annual All- 
Industry Refrigeration and Air-Con- 
ditioning Exposition held at Atlantic 
City. For the first six months of 1950, 
top executives said, business volume 
should run 20 to 25 per cent higher 
than for the same period last year. So 
far as air conditioning is concerned. 
it was pointed out that this is now 
beyond question no longer a luxury 
but a basic and necessary industry. 


Machine tools and other plant 
equipment loomed large in another 
\ nation-wide sur- 
vey (sponsored by the American So- 
ciety of Tool Engineers) of projected 
1950 purchases of new machine tools. 


vear-end survey. 


MONTHLY SCOREBOARD 


TREND IN FACTORY SALES OF 
SELECTED ELECTRICALLY OPERATED nao s 
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the Market Research Department of ELECTRICAL MANUFACTURING. 
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machine tool accessories as well as 
materials handling equipment indi- 


cates “a major rise” in sales this 
year. Of the companies responding to 
the survey, 80 per cent said they 
planned to buy as much equipment 
if not more as in 1948. Biggest in- 
crease in planned purchases is re- 
ported by the larger companies. Of 
this group 79 per cent said their 1950 
purchases will top those for 1948. 
Only 7 per cent said their pure *hases 
will be less. In the medium-size group, 
55 per cent said they will buy more. 
In the “smallest-company” category, 
only 28 per cent indicated increased 
purchases: however, 50 per cent said 
their 1950 purchases will equal those 
of 1948. For all companies, 45 per 
cent will buy more than in 1948; 35 
per cent will buy as much: 7 per cent 
will buy less: while 13 per cent will 
buy “very little.” 


What reasons do these compa- 
nies give for these planned capital 
expenditures? Sixty-four per cent 
said they will buy new machines to 
reduce manufacturing costs: 64 per 
cent also said they want to modernize 
present equipment: 54 per cent want 
to replace obsolete equipment; while 
27 per cent want new  materials- 
handling facilities. (Total exceeds 100 
per cent, since individual replies may 
be classified in more than one cate- 
gory.) 


Pick-up in machine tool busi- 
ness is also predicted on basis of 
new domestic orders received during 
the closing weeks of 1949. Business 
from the automotive industry and for 
special-purpose tools from various 
sources is likely to carry the machine 
tool builders through a pretty fair 
volume for the first few months of 
1950. A sufficient improvement in do- 
mestic orders is seen as likely to off- 
set an expected drop in overseas busi- 
ness; in the latter direction, devalua- 
tion has given the edge to foreign- 
made machines. 

Better days for machine tools are 
more than overdue. Shipments have 
been on the downward grade steadily 
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RS, Inc. S ms Ve 
MAGNETIC 
JN ME IP Ih Ut le Ut 18 IR 


For the many applications where magnetic amplifiers 
were desirable but prohibitive because of cost, Vickers 
now offers standard magnetic amplifiers pre-engineered 
and laboratory-tested for you. 

Vickers supplies from stock 28 styles of standard magnetic 
amplifiers for 60 cycle control applications with a choice 
of de or ac output. Output power levels range from 
milliwatt to 80 watts maximum (de output). 

Application data sheets are furnished to enable you to 
select the standard magnetic amplifier to fit your 
specific need. 

Molded-in terminal blocks with visible terminal identification. Navy 
and A.S.A. creepages preserved between terminals and ground. 
Formvar wire coils, cellulose-acetate taped and impregnated with 
Grade AA Cerese wax. 

Gapless high permeability cores, annealed after punching. 

Gray enameled, tinned steel cans with spot welded base. 

Each amplifier is rated and data sheet furnished. 

Potting compound seals assemblies against atmospheric and me- 
chanical damage. 

Entire assembly is precision jig-assembled before potting, assuring 
accurate positioning. 

Low-leakage Vickers Selenium Rectifiers. 


® You are invited to send for the Vickers Magnetic Amplifier 
Design Handbook which specifies characteristics of standard 
magnetic amplifiers and illustrates circuits. Please make request on 
your letterhead. 


VICKERS ELECTRIC DIVISION 
VIC BERS me 
1803 LOCUST STREET * ST. LOUIS 3, MISSOURI 


A UNIT OF THE SPERRY CORPORATION 
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volume. An informal meeting of the 
RMA Tube Division places 1950 TV 
output at some 3,750,000 sets. The 
figure is based on estimated output 
of cathode-ray tubes. 


Factory Sales Industrial Electrical Controls* 
(1949 compared to 1948, in nearest thousands of dollars) 





| First 9 months | 
Products 


3rd quarter 


1949 | 1949 1948 


1948 | 
| 





A-c general purpose controls: 
Manual across-the-line starters 
Magnetic across-the-line starters 
Reduced voltage starters 
Synchronous motor control 
All other general-purpose starters 


D-c general purpose controls 


General purpose accessories: 
Rheostats and resistors 


'$ 1,804 


Other accessories including timers, push- 
buttons, limit switches, pressure, tem- 
perature, and other pilot circuit devices 





A-c and d-c drum controllers 


A-c and d-c brakes 


eS a 


Steel mill and material handling equip- | 


ment controls 


A-c and d-c marine and navy auxiliary 
controls 


Electronic and magnetic resistance weld- 
ing controls 


Other electronic control including photo- 


electricand variable-speed motorcontrols | $ 2,005 


All other a-c and d-c special-purpose con- 
trols including fire pump, laundry, rub- 


ber mill, paper mill and similar control 
equipment 


Total 


$75,528 | $85,402 


$ 2,806 
16,576 
4,829 
2,032 


8,290 


| $ 3,309 
20,135 
6,892 
2.579 
8,152 

| 
|$ 2,387 


$ 1,070 
6,577 
2,047 

818 


2,515 








$ 4,336 |$ 4,107 


8,395 


9,945 


$ 1,988 |$ 1,834 |§ 





$ 8.911 | $ 9,067 


$ 2,842 |$ 1,764 


$ 1,655 


$ 7,063 |$ 8,554 |$ 2.280 |$ 2,770 


$27,289 


* Based on statistics of NEMA member and reporting companies only. Compiled by Market Research 


Department of Evecrrica MANUFACTURING. 


since 1943. And as Tell Berna, gen- 
eral manager of the National Machine 
Tool Builders’ Association, pointed 
out at the recent ASME annual meet- 
ing “actual replacement of obsolete 
machines by new models has been in- 
credibly slow.” Over 95 per cent of 
machine tools now in use, a recent 
survey discloses, are over 10 years old 
in design. Mr. Berna warned against 
the tendency to think that new and 
better machines destroy jobs.:“Obso- 
lete machines must be replaced,” he 
said. “Labor unions must learn that 
more jobs and better wages depend 
upon greater productivity; and the 
public must look to technological ad- 
vances instead of to the government 
for a more abundant way of life.” 


Meanwhile, latest monthly official 
NMTBA figures show that the index 
for all new orders dipped from 57.7 
in September to 56.8 in October. For- 
eign orders were up very slightly, 13.8 
against 13.7. Shipments were down to 
62.3 from 67.6. 


In the electronics field, televi- 
sion set demand is the big bright 
spot. All indications point to increas- 
ing sales in 1950. A good-sized chunk 
of the forthcoming G.I. insurance 
premium refunds is expected to go 
into TV purchases. Not only is TV 
output rising steadily in terms of 
units, but already, owing to high unit 
prices, it is beginning to dominate 
the radio industry in sheer dollar 


Statistics-wise, October sales 
of all radio receiving tubes (TV in- 
cluded) rose to 24,353,631—up by 
2.9 million over 21,393,485 sold in 
September, and by 4.8 million over 
October 1948 sales. TV receiver pro- 
duction reached a new peak in Octo- 
ber—304,773 units, up by 35 per 
cent over the 224,532 sets made in 
September. (Source: Radio Manufac- 
turers Association member compa- 
nies.) Output of all radio sets also 
advanced—975,053 against 757,000. 


News on the export front also 
was made in TV receivers through 
development by Radio Corp. of Amer- 
ica of a versatile set designed to op- 
erate on the varying power-line 
voltages and frequencies that are 
common in many overseas markets. 
The new set, known as a “nonsyn- 
chronous receiver,” was designed to 
operate from any voltage between 110 
and 240 and any frequency between 
40 and 60 cycles. Set operates on 
either the American system of 60 
fields (30 frames), 525 lines, or the 
proposed European system of 50 
fields (25 frames) , 625 lines. 


Less cheery prospects come from 
the agricultural belt where farm in- 
come is seen definitely on the down 
grade. As a matter of fact farm in- 
comes have been steadily declining 
since they reached their all-time peak 
in 1947. On the face of this trend, it 
may seem that sales of electrical 
equipment and appliances will be re- 
duced; or at least that anticipated in- 
creases will not come through. On 
the other hand, the rapid progress in 
rural electrification is bound to bring 
in its wake a perfectly normal desire 
to utilize electrical energy for better 
living. With some 5,000,000 farm 
homes wired for electricity at the be- 
ginning of this year, it is not unrea- 
sonable to expect increasing sales for 
various kitchen appliances, electric 
water systems, work-saving dairy 
equipment, and so on. The number of 
farms with electricity is now about 85 
per cent of the total in the nation. In 
addition, some 6 per cent have elec- 
tricity available from nearby sources. 

Optimism is reflected by the 
plastics industry in advance pur- 
chases of exhibition space at the 
1950 National Plastics Exposition to 
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SCREW AND WASHER HOLD FLOATING GEAR IN PLACE 
in old model newspaper facsimile recorder. Gear stud may 
rotate at pivoted end, making removal of screw difficult. 
Screw head takes up valuable space. 


TRUARC RING REPLACES SCREW AND WASHER in this 
typical application. Truare Ring saves space, makes assem- 
bly-disassembly quicker and easier. No screw slots to get 
burred up. 


22 WALDES TRUARC RINGS GIVE 
THESE BIG ADVANTAGES: 


Not only do 22 Truarc Rings save time and money 
in production for Times Facsimile Corporation, 
New York. They also make maintenance easier and 


faster—a basic advantage in a machine on duty 
24 hours a day. 


Redesign with Truarc Rings and you too will 


® ‘2 inch space saving permits money-saving 
use of standard relay rack. 


©7', minutes assembly time saving. 


save! Wherever you use machined shoulders, nuts, 
bolts, screws, snap rings, cotter pins, there's a 
Truarc Ring that does a better job of holding parts 
together. 


© 42¢ overall unit cost saving. 


*Replace tapping with simple grooving 
operation. 
Find out what Truarc Rings can do for you. 
Send your blueprints to Waldes Truarc engineers 
for individual attention without obligation. 


®Speed maintenance because Truarc Rings 
are easy to assemble and disassemble... 
can be used over and over again. 
“See the Truarc exhibit at the S.A.E. meeting—Booth 23.” 


ee 


Waldes Kohinoor, Inc., 47-16 Austel Place EMO12 
Long Island City 1, N. Y. 


Please send 28-page Data Book on Waldes Truarc 
Retaining Rings. 


' WALDES 


=) TRUARL BP Davita nation ot 


Company. 
REG. U.S. PAT. OFF. 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC RETAINING RINGS ARE PROTECTED BY U.S. PATS 2.382.948: 2.416.852. 2,420,921, 2.411.761 AND OTHER PATS. PLND 
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be held in Chicago, March 28-31, in- 
clusive. Four months in advance of 
the exposition more space has been 
sold than the total space sold at the 
previous show in New York in 1948. 
Plastics consumption has experienced 
a substantial rise during the last quar- 
ter of 1949—much of it attributable 
to vigorous and intelligent selling by 
the plastics manufacturers. It has 
become progressively clear that bet- 
ter design use of plastics materials is 
the surest way of increasing business. 
In a year-end report. the Bakelite 
Corporation presents 1949 as its rec- 
ord all-time year in production and 
sales. The use of plastics for large 
molded pieces, such as TV sets, is 
highlighted as an example of sub- 
stantial cost savings possible by the 
use of plastics materials. 


Hike in prices by U. S. Steel 
was no surprise. The actual timing, 
however, was somewhat earlier than 
generally expected. Not only was the 
cost of pension plans involved, but 
also the increased costs of certain 
steel-making raw materials. In one 
respect, this moves the economic dial 
back toward the inflationary position. 
On the other hand, the price increase 
is an augury of a good demand for 
at least the early part of 1950: it is 
logical to believe that U. S. Steel 
would not have made the increase 
unless it were quite confident of a 
sustained high demand well into the 
second quarter. The big question now 
is the effect on consumer prices for 
refrigerators, flatirons. and _ other 
products where steel is used. Much 
will depend on the consumer demand 
and on the extent of competition. If 
pencils will have to be sharpened to 
get sales prices down. it is likelv that 
the manufacturer will try to absorb 
the higher costs of steel. 


Factory sales of industrial con- 
trols were off for the first nine 
months of 1949 as compared to the 


Electrical Manufacturing 


MATERIALS - COMPONENTS 
TREND IN MANUFACTURING CONSUMPTION 


a 
— Seer iss | er see 
CoP] 
{ 
{ 
$ { 


TION 
ELECTRICAL INSULATING MATERIALS®-” 
POLYSTYRENE MOLDING RESINS 4. 
H AND LACQUER 
ONLY) 
TURAL 


t 
t 
\ 
oor dt 
cornea {~|_| [td 
noo came rcs ncumer| 1 [t| _| 
ome 


Note: Compiled from industry and government sources by the 

Market Research Department of ELECTRICAL MANUFACTURING. 

@ Comparison is for Sept. 1949 as against Aug. 1949 and Sept. 
1949 as against Sept. 1948 82 Nov. against Oct 

D NEMA monthly index of domestic dollar sales billed. Components 
of index are: laminated products; manufactured electrical mica 
special dry process electrical porcelain; varnished fabric and 
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same period in 1948 (see table on 
page 8). The downward trend per- 
sisted through the third quarter, the 
latest period for which NEMA figures 
are available. 


Monthly survey report of the 
National Association of Purchasing 
Agents for November indicates thal 
the steel strike settlement came none 
Consensus is that it 
stopped short a steep industrial de- 
cline. Overall conditions in Novem- 
ber were pretty much the same as in 
October. Production was slightly off. 


too soon. 


There’s some meaty reading in 
the recent remarks by G-E President 
Charles E. Wilson before a Con- 
gressional hearing on the “study of 
monopoly power.” “The significant 


fact of which we never must lose 
sight,” said Mr. Wilson, “is that 


there has never yet been enough of 
any product to make it abundantly 
available to all the people who need 
it. . . no company and no industry 
in the American economy is yet big 
enough to bring enough goods to 
enough people. . . . I affirm that there 
are not enough automobiles, not 
enough turbines, not enough refrig- 
erators, not enough washing ma- 
chines, not enough of a multitude of 
other products for the American peo- 
ple—that there will not be enough 
until every home has available to it 
the comforts of life which the prod- 
ucts of our industrial age can pro- 
vide.” 

Mr. Wilson’s remarks were of 
course primarily in support of and 
in justification of the big industrial 
enterprises; but in a broader sense 
they also are a potent challenge to 
the spirit of defeatism and constitutes 
an inspiration to all American enter- 
prises—smaller and medium-sized 
companies as well as the big ones—to 
design and produce better products. 


Miscellany— 

Watch automatic clothes dryers as 
the dark horse of the appliance field. 

. Particularly good market is seen 
in metropolitan areas where individ- 
ual apartment dryers can supplement 
the facilities of community automatic 
clothes washers. Some 88,000 
dryers were sold in 1948: and over 
100,000 in 1949 (American Home 
Laundry Manufacturers’ Associa- 
tion). 

Factory sales of household vacuum 
cleaners were off in November to 
253,516 units, compared to 272,520 
in October . . . but they were 136.6 
per cent above sales in November 
1941, the best prewar year. . . . Cop- 
per deliveries rose in November . . . 
118,146 tons of refined metal against 
108,192 in October (Copper Insti- 
OD hs at AGMA index for gearing 
volume was upped by 7.7 per cent in 
October compared with September. 


Among the feature articles scheduled to 


appear in coming issues @ Makers of Plastics Materials and Molding Machinery reply 


to criticisms from designers @ How Stainless Steel is being used to cut costs @ Inherent 


Motor Protection ¢ Materials used for Fungicidal Protection of electrical equipment 


@ Design story of a Universal Coil Winder, an Honorable Mention Award. 
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EDITORIAL 


Government-Sponsored Research 


NDUSTRIAL PROGRESS depends 
upon research. Yet few industrial 
concerns actually do any fundamental 
research work. Although their number is 
growing, the majority are concerned with 
applied research and the development of 
new products. 

Basic research involves a quest for 
new knowledge per se rather than for the 
solutions of commercial problems. Scien- 
tific studies may be pursued that at the 
time seem to have no engineering applica- 
tion. It almost becomes a social respon- 
sibility for the largest manufacturing en- 
terprises to devote at least a portion of 
their research budget to rainbow chasing. 
Ultimately such new knowledge as is un- 
covered will be put to work generally. 

Private research into semi-conductors, 
for example, has led to a new theory 
of boundary layer phenomena and a wed- 
ding of space electronics and solid elec- 
tronics. Out of this new knowledge has 
come the transistor which when available 
in commercial quantities will provide a 
new tool for the application development 
engineer. 

There is another sponsor of basic re- 
search that is assuming major importance, 
namely government research under the 
guidance of various branches of the Na- 
tional Defense Department. During the 
recent war, research and development 
was teamed up on a nationwide scale for 
the common defense. The peacetime 
benefits of this mighty program have 
been negligible. The most spectacular 
achievement—nuclear fission—has been 


disappointing from a practical viewpoint. 
Application of radar techniques likewise 
has been held within the narrow field 
of remote detection and only now are 
industrial applications beginning to be 
envisioned. 

Current government-sponsored research 
projects appear to have a better future, 
industrially. Present developments in 
electrical materials are keyed to these pro- 
grams. The principal challenge has been 
the setting up of what might ordinarily 
be considered impossible operating char- 
acteristics and environmental conditions, 
including extremes of temperature, mois- 
ture and shock. Components developed 
to meet such operating conditions have 
been the proving ground of new ma- 
terials — many of them synthetic, and 
privately developed. 

Out of such work industry may ulti- 
mately expect to obtain new insulating 
materials, for example, and in general, 
miniaturized components for the coming 
capsule age. In fact, the long-term trend 
toward smaller size apparatus is definitely 
bound up with continuous improvement 
in materials. To answer the question of 
how small can a motor get (page 91) 
the application engineer must look to the 
material supplier. And when electrical and 
magnetic losses have been reduced to a 
minimum and methods of cooling (page 
70) exhausted, the only remaining re- 
course is to seek insulating materials that 
will not deteriorate at high temperature. 
Such investigations are the heart of 
present government-sponsored research. 


55 





CUTTING COST OF A LOW-VOLUME 


W. R. PLANT 
Development Engineer 
Engineering and Consulting Laboratory 
General Electric Company 
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what is believed to be the first commercially 

available light source having the exceptionally 
short flash duration of 4 microseconds. (1)* Utilizing 
a mercury capillary lamp, this unit found wide accept- 
ance in the field of high speed scientific and industrial 
photography. The postwar period found engineers and 
scientists at work with problems in supersonic flight, 
rocket propulsion, gas turbines, and other projects in- 
volving ever increasing speeds. Such projects demanded 
photographic equipment capable of recording transient 
and cyclic phenomena occurring at speeds far in excess 
of the speed of sound. Recognizing limitations in then 
existing equipment, and to meet these new requirements, 
it was decided to undertake development of a light 
source of no more than 2 microseconds duration, em- 
bodying the latest advances in capacitor discharge flash 
tube technique and drawing on new principles developed 
during the war years. (2) This type of light source 
should not be confused with general purpose electron- 
ically operated repeating-flash equipments which, though 
generally termed “speed lights,” produce a flash of 200 
to 500 microseconds duration. (3) 

Functionally, requirements for an ultra-high speed 
lighting device are rigid. It must produce and direct a 
flash of light having short effective duration, high peak 
intensity, good actinic quality, and in sufficient amount 
to work with conventional photographic materials and 
equipment; and at precisely the moment required by 
the photographer. Of nearly equal importance is ready 
portability, small size, operation in any position, and 
reasonably rapid, automatic reset preparatory to making 
another exposure. A variety of synchronizing methods 
must be available depending on the nature of the prob- 
lem being photographed. Among these are making or 
breaking electrical contacts, completing or interrupting 
a light beam, microphones, strain gages, or other sources 
of electrical pulses. Some of these methods involve 
amplification of the electrical signal since little power 


B wit i the war, General Electric announced 


* Italic numerals in parentheses apply to references at end of article. 
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may be available from the triggering signal source. 

Since highly specialized equipment never enjoys 
heavy demand, the design would have to be adapted to 
small lot production, holding to a minimum tool ex- 
pense consistent with sound shop practice, and using 
standard components wherever possible. 

Two fundamental circuits, shown in Fig. 1, may be 
used to power a flashtube. In circuit A the flashtube is 
isolated from the previously charged capacitor, and at 
the required moment the switch is closed permitting 
stored energy to flow from the capacitor into the flash- 
tube. Passage of current results in the production of 
light, which continues until the capacitor voltage falls 
to a value too low to support the arc in the flashtube. 
The capacitor must be charged to a value in excess of 
the flashtube “holdoff” voltage to insure reliable oper- 
ation. The need for precise synchronization with tran- 
sient events dictates the use of the thyratron for the 
switch. In a different type circuit, shown at B, the 
capacitor is charged as before but the flashtube is sol- 
idly connected to it. A separate control circuit furnishes 
an ionizing pulse to the flashtube at the required mo- 
ment. In this case, it is mandatory that the capacitor 
voltage be below the flashtube “‘holdoff” voltage to pre- 
vent spurious flashing, and at the same time near 
enough to critical value to flash readily with a small 
amount of trigger power. 

Circuit B has a number of advantages over the first 
one. A thyratron capable of carrying the transient dis- 


Flash tube 


Flash tube 


Trigger pulse 
circuit 


Fig. 1—Two typical circuits for discharging flash tubes. 
In A a thyratron tube serves as a switch, conducting en- 
tire discharge current. Lower impedance of trigger-pulse 
circuit B increases peak current and decreases flash time. 
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Electrodes from a short-gap high-pressure flash- 
tube were mounted in the glass components of 
a sealed-beam head lamp to form the basis of a 
high-speed photolight for transient photographic 
studies in 


scientific and industrial research. 





Good definition at much higher speeds is provided by the new General Electric Photolight with a flash duration of 
less than 2 microseconds. The light and its amplifier are set up here to make the photograph shown at the right of a 
microtome blade rotating at 48,000 rpm; although travelling at 900 ft per sec, the blade is sharply defined. 





charge current is bulky, expensive, requires long heat- 
up time, and a husky filament transformer. No such 
switch or thyratron is required in circuit B, since the 
flashtube is solidly connected to the capacitor at all 
times. Little control power is required to pulse the 
ionizing electrode and a small fast-heating gas-filled 


* (B) 


Optical density 


Exposure (log scale) 


Weight of developed silver 


Exposure(intensity x time) 


Fig. 2—Film characteristics fix the requirements for short- 
duration exposures. As shown at A silver development is 
proportional to exposure or product of time and intensity ; 
but to obtain reciprocity and true tonal values, expos- 
ure must be greater than X on curve B. 
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thyratron suffices. The most important advantage, how- 
ever, is the low impedance of this circuit which permits 
a high discharge current to be drawn from the capacitor. 

Although a treatment of theoretical photography (4) 
is beyond the scope of this article, some basic concepts 
must be considered in presenting the factors affecting 
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Fig. 3—Since effective areas 
(shaded) are equal in these 
two flashes, equal exposures 
result; but the high peak in- 
tensity of flash A produces 
its exposure in only one- 
fourth the time of flash B. 
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choice of the lamp. Photographic exposure may be de- 
fined as the product of the light intensity falling on the 
sensitive material times the length of time it is permitted 
to act. Although it does not hold for very low and for 
very high light intensities, the Bunsen-Roscoe law of 
reciprocity states that exposure is independent of the 
intensity as long as the product of intensity and time 
remains the same. Departure from the law is called 
reciprocity failure. 

Weight of developed silver vs exposure in a typical 
sensitive material is shown at A in Fig. 2. A more con- 
venient form of this relationship is given at B which 
plots the optical density of a film or plate vs log exposure. 
The curve does not intersect the origin because of 
inherent traits in the developing process known as 
chemical fog. The straight portion of the curve is the 
only part capable of rendering a faithful reproduction 
of tonal values, and the minimum exposure is in the 
region marked X on the curve. 


Shorter Duration Requires Higher Intensity 


Two intensity-time curves shown in Fig. 3 have an 
exponential decrement typical to capacitor discharge 
equipments. Because of the exponential shape of the 
curves, and the nonlinear portion of the film character- 
istic curve (Fig. 2), the effective portion of the time- 
intensity curve is usually considered to be only that 
portion in excess of one-third of the maximum ampli- 
tude. The effective portions are shaded, and other fac- 
tors equal, the exposure is proportional to the shaded 
area. Assuming that the shaded areas of the two curves 
are equal, the duration of exposure B is four times as 
long as for curve A, and curve A must attain four 


times the peak intensity of curve B to produce an equal 
exposure. 

Older equipment was not economical of light since it 
produced a broad “‘flood”’ beam instead of a narrow cone 
of rays. The angular spread of a beam of light is a 
function of the size and shape of the light source and 


the shape of the reflector. For a small source oper- 


Arc at focus 
of reflecfor . 


Fig. 4—Section through the “sealed beam” flashtube de- 
veloped to handle higher peak arc discharge. When ca- 
pacitor is charged at just under “hold off” voltage, im- 
pulse to trigger anode starts discharge. Are occurs at 
focus of parabolic reflector giving a concentrated beam. 
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ated in a reflector of reasonable diameter, relatively 
high efficiency and numerical aperture is indicated. 

A suitable flashtube therefore must meet the following 
qualifications : 

1. Adaptable to the circuit shown at B in Fig. 1. 

2. Short flash duration as in Fig, 3A. 

3. Sufficient light output to satisfy the photo- 

graphic requirements of Fig. 2. 
Small source size. 
. Suitable for a reflector of small size. 

Several commercially available gaseous-conduction 
tubes were examined and rejected for one reason or 
another. High pressure mercury capillary lamps of 
quartz tubular construction were not quite suitable for 
this application and had an awkward shape and size. 
Low pressure mercury lamps had unsatisfactory elec- 
trical characteristics for this purpose, and the arc was 
much too large. The conventional inert gas-filled helical 
flashtubes, while well suited to more conventional pho- 
tography, had too large an illuminated area and too 
much arc resistance to attain the high peak intensity 
required. 

Since the instantaneous brightness of an ionized gas- 
eous discharge varies approximately with the square of 
the instantaneous current, (5) and the are resistance 
varies inversely with the arc length, attention was 
turned to a short-gap high-pressure two-electrode flash- 
tube being developed by the engineering division of the 
General Electric Lamp Department. Preliminary test- 
ing revealed that this lamp had ideal source size and are 
resistance characteristics. On the debit side were its 
physical size, the necessity for a separate external ioniz- 
ing electrode, and a double-ended construction. This 
latter feature required relatively long leads to the dis- 
charge capacitor, which introduced impedance in the 
discharge circuit tending to limit the transient peak 
current and the peak brightness. The length of the lamp 
rendered it impractical to operate in a reflector of mod- 
erate size. With its arc at the focus of the reflector, 
either axially or transversely, a large amount of reflector 


FT7-130 
Hlashtube 


PHOTOLIGHT 


PHOTOLIGHT AMPLIFIER 


Fig. 5—For portability and convenience, trigger ampli- 
fier and flashtube are mounted in separate units. High 
voltage capacitor mounts directly to terminals of lamp 
for minimum impedance and maximum peak current. 
Capacitor is recharged automatically after each flash. 
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Fig. 6—Photolight unit and its amplifier are built into similarly styled housings with rounded corners, tapered han- 
dles and light gray hammer finish. Chassis is designed for “pull out’ mounting with all operating controls on case. 


surface had to be cut away to accommodate the tube. 

In view of the design and manufacturing difficulties 
foreseen in focusing, connecting, insulating, and mount- 
ing this tubular lamp in a suitable reflector, it was de- 
cided to test some ideas which had been evolving for 
some time. Through the cooperation of lamp depart- 
ment engineers, a supply of glassware used in the manu- 
facture of automotive sealed beam headlight lamps was 
obtained. Using miscellaneous metal parts, some of 
which were salvaged from burned-out projection lamps, 
and adopting the electrode design of the tubular short- 
gap lamp, the first of several handmade lamps was as- 
sembled. This lamp combined a short-gap high-pressure 
three-electrode argon arc at the focus of the parabolic 
reflector. In experimental models, the cover glass was 
cemented in place with glycol phthalate, the entire en- 
closure evacuated to about 5 microns pressure and filled 
with commercial argon to a pressure of 600 mm hg. The 
use of glycol phthalate eliminated glass blowing but pre- 
vented using the high temperature ‘ 
employed on production lamps. 

Karly samples contained a symmetrically located trig- 
ger electrode. Later experiments with a lamp having the 
trigger electrode mounted on a metal bellows permitted 
some exploration, which showed that an unsymmetrical 
location required less trigger power. Fig. 4 shows the 
general arrangement of electrodes, leads and glassware. 
Preliminary results obtained by making actual photo- 
graphs and phototube current oscillograms were encour- 
aging and an experimental lot was made up. This flash- 
tube was later put into limited production by the Gen- 
eral Electric Lamp Department, identified as type FT- 
130 flashtube. 

This design of lamp offered the features and advan- 
tages needed. The location of the fernico terminal seals 
permits exceptionally short capacitor leads, making for 
a minimum impedance in the discharge circuit. The elec- 
trode structure is self-supporting, being permanently 
brazed to the fernico seals and eclipses a minimum of 
reflector surface. The lamp is easily mounted by means 
of three metal clips, making the glassware self-support- 


‘gassing” operation 
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ing with no mechanical strain imposed on the fernico 
seals. The pyrex glassware is strong and well suited to 
portable equipment. The parabolic reflector is molded 
to close tolerances and is highly efficient ; the evaporated 
aluminum reflector surface cannot tarnish since it is 
hermetically sealed in the inert argon atmosphere. The 
combination of 7 in. diam and 1.125 in. focal length 
gives a high numerical aperture. 
Interdependent variables of stored energy, capaci- 
tance, and operating voltage then had to be investigated 
to determine whether sufficient energy could be provided 
to obtain adequate film exposure and at the same time, 
not exceed an effective duration of 2 microseconds. 


Higher Power Gives Greater Range 


While any of the noble gasses can be employed in a 
Hashtube of proper design, low cost argon was chosen 
because of the comparatively large quantity used. Its 
spectrum is too weak in red radiation for satisfactory 
balance with color films, but this is not a disadvantage 
since color films are too insensitive for ultrahigh speed 
photography. Photographic experiments with fast black 
and white panchromatic films revealed that adequate 
exposure even of dark colored objects, could be obtained 
with only 2 wattseconds energy input. This final design 
of the Photolight employs 4 wattseconds, permitting the 
Photolight to be placed as far as 10 or 12 ft away. 

Several factors influenced choice of operating voltage. 
Maximum voltage is limited to about 4 kv by the spac- 
ing of the electrode seals. In the interest of economy 
and safety, it was decided to operate at 2.2 kv which re- 
quired an electrode gap of approximately 3/16 in. for 
reliable holdoff at 600 mm pressure and 4 wattseconds 
loading. These conditions produced an elipsoidal arc 
approximately 6 mm by 8 mm, sufficiently small to give 
the small beam spread needed. 

To obtain 4 wattseconds of stored energy at 2000 
volts, a 2-mf capacitor is required. Pyranol impregna- 
tion was chosen because of its higher dielectric constant, 
which gives maximum capacitance for a given volume. 

(Continued on page 150) 
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MAJOR APPLIANCE 





EARLY fifteen vears ago The Hoover Com- 
| \ pany scrapped tradition and brought out the 

first really new electric cleaner in a decade, 
featuring the wide-spread use of plastics materials 
in that new model. Since then the use of plastics com- 
ponents on household appliances has increased until 
today they account for as much as 20 per cent by 
weight of some current models. Fig. 1 is a view of 
eleven plastics parts in only one new model and does 
not include the plastics parts in the accessory cleaning 
tools. During this same period, the use of plastics has 
become generally accepted in the household appliance 
line ranging from, radios through washers, mixers, 
toasters, refrigerators, and a host of others. The wide 
use of plastics for these applications is based on the 
acknowledged experience that plastics materials can 
contribute certain properties to these applications that 
no other materials of construction can offer. 

Despite the well-deserved success story of plastics in 
major appliances, there is still a certain amount of con- 
sumer prejudice against such applications. While it is 
impossible to ascertain all of the causes of this antag- 
onism, some of the prejudice against plastics is un- 
doubtedly due to the flood of plastics gadgets during 
and immediately following the war. Many of these 
were poorly designed, and many of them were molded 
from unwisely selected materials merely because they 
were available. Some of the consumer prejudice has 
also grown through poor design and selection of mate- 
rials for component parts of major appliances. It ts 
therefore essential that those who are responsible for 
product design and manufacture exercise every pos- 
sible precaution to select the best plastics material for 
each application. Only in such a manner will the con- 
suming public be educated to recognize plastics as true 
engineering materials and to remove them from the 
gadget classification in their minds. 

There are many reasons for using plastics materials 
as components of home appliances. They are light in 
weight so that weight savings of up to 50 per cent may 
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be realized. Plastics are colorful, with the color going 
all the way through. They contribute an attractive, 
reasonably mar-proof finish. They are difficult to soil 
and easy to clean. Plastics as a class are good insu- 
lators of heat and electricity. While the plastics mate- 
rials cost per pound is higher than that of the com- 
mon metals, the finished piece cost is often lower due 
to the fast production cycles, low specific gravity, and 
low finishing costs. Plastics are dimensionally stable 
to a degree acceptable for appliance applications. A 
plastics material with almost any desired physical 
property is available—from hard rigid materials, through 
the tough semielastic range, to materials exhibiting 
many of the properties of soft rubber. These plastics 
can be worked or formed by a number of methods 
including compression-, transfer-, and injection-mold- 
ing techniques; by extrusion, or by fabrication of sheet 
and rod stock. Since plastics are so readily formed, 
they permit the designers great freedom of design with 
the assurance that even the most complicated design 
can be reproduced at a reasonable cost. 

There are many individual families of plastics mate- 
rials most of which are subdivided into types which 
accentuate specific properties. Practically all of these 
plastics families have found successful applications in 
appliances. Table on page 62 shows the commonly used 
plastics, listing their outstanding examples of typical 
successful applications. This table is intended only to 
point out the good and bad features of the various 
plastics with regard to their possible applications in 
the appliance field. All data are purely relative, but 
may serve as a guide in designing for new applications. 


How to Select the Right Material 


How then, out of these many plastics materials with 
their varying properties, can we select the best material 
for any given application with the assurance that we 
have selected wisely? The problem is not always a 
simple one. Plastics technology is like that in many 
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Plastics components are by now a common- 
place in major appliances, but a vast 
amount of painstaking care is necessary to 
select, test, and use the most suitable plastic 
for each part. Here is a down-to-earth dis- 
cussion of selection factors and test control. 


FRANK A. MARTIN 


Engineering Division, Plastics Laboratory 
The Hoover Company 


other fields—rubber for example. No hard and fast 
rules can be laid down, for the successful utilization 
of plastics materials is not an arbitrary science but 
rather an art. It is based on the background of previ- 
ous experience, a good working knowledge of the mate- 
rials and fabricating processes, and, last but by no 
means least, a program of thorough testing.* 

Selection of a plastic for a given application may 
be divided into three distinct phases, which are as 
follows: 


1. Determine the structural requirements and operating 
conditions under which the part must function. 

2. Make sample parts from experimental tooling and 
test them under the most adverse operating con- 
ditions. 

3. Check and retest parts from production tooling. 


If these three steps are followed, very few poor plas- 
tics appliance parts will reach the market. 

First determine what mechanical strength is re- 
quired and then find out all there is to know about the 
operating conditions under which the part must per- 
form. Such factors as operating temperatures, humid- 
ity, and exposure to light or chemicals must be thor- 
oughly examined as well as mechanical stresses and 
shock loads. For example, will the material be exposed 
to temperatures above 200 F? Then a theromsetting 
material is the probable choice. Is a bright color re- 
quired and does it need to be light-fast? Then the 
phenolic resins are not suitable. And so on down 
through the required list of properties. 

From this preliminary examination of operating con- 
ditions, one or two materials will generally emerge 
from the list as having all or most of the desired char- 
acteristics. It helps to have a comprehensive tabulation 
of the electrical, mechanical, chemical, and physical prop- 





* This peetionier section is written from the standpoint of a manufac- 
turer with his own plastics molding department and plastics laboratory. 

owever, the procedures and benefits involved should be as fully under- 
stood by the design engineer whose company has limited or no facilities 
of this nature and whose molding work is done by a custom molder. 
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Switch pedal 







Attachment 
cord 


insulator. Caster wheels 








Motor brush- 
holder 

insulator 
cap 





Carrier wheels 


Mofor 
Front 
housing 


Fig. 1—There are eleven plastics parts in the Hoover 
Model 115 vacuum cleaner: Switch pedal is polystyrene 
(Bakelite and Monsanto Lustrex); caster wheels are im- 
proved impact grades phenolic (Bakelite and Durez) ; mo- 
tor brush-holder insulator caps are general-purpose 
phenolic (Bakelite and Durez); motor casing and motor 
casing cover are improved impact phenolic; motor front 
housing is general-purpose phenolic; carrier wheels are 
Durez medium-high impact phenolic; attachment cord in- 
sulator is Vinylite extruded tubing. Total weight of these 
sesias is about 24 oz; other models utilize even more. 


erties of the commonly used plastics materials, such as 
our company has prepared for use in preliminary 
selection of materials during the initial design stages. 
This table is a compilation of data from various sources 
including the Plastic Materials Manufacturers’ Associa- 
tion book “Technical Data on Plastics,” the “Modern 
Plastics Encyclopedia,” manufacturers’ bulletins and 
data sheets, and numerous other sources. 

Second step is to construct a single-cavity experi- 
mental mold and produce parts from those materials 
which from the preliminary survey of the required 
operating characteristics seemed most suitable.t This 
may seem to many designers and engineers to be a 
totally unnecessary expense, but in the long run it very 
often proves to be a true economy.** Frequently parts 
made from an experimental mold will reveal design 
defects which cannot be detected on paper, or desirable 
revisions will be indicated pointing to increased strength, 
enhanced eye appeal, or better operation. 

In the appliance field, where the model is usually 
in production for a period of at least several years, the 
value of information which can be obtained from 
single-cavity molded pieces is certainly great enough to 





¢t For a general discussion on the use of pee models in product 
design, see “Plastics Models Can Help Product Development Work,” p. 
112, February 1949 ELecrricaL MANUFACTURING. 

** Admittedly it is easier to follow through on this stage of material 
selection if the molding is done at the manufacturer’s own plant. How- 
ever, any disadvantages that may be encountered in following through 
with a custom molder are more than outweighed by the accrued ad- 
vantages. , 
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General Properties of Commonly Used Plastics Materials" 


Trade 
names 


Generic 


Phenolics 


Bakelite 
Durez 
Durite 
G. E. Phenolic 
Makalot 
Resinox 

Indur 


” 


Melamine- Melmac 

formalde- | Plaskon 

hyde melamine 
Resimene 


Beetle 
Plaskon 


Urea- 
formalde- 
hyde 


Lucite 
Plexiglas 


Acrylics 


Lumarith 
Hercules CA 
Koppers CA 
Nixon CA 
Tenite | 


Cellulose 
acetate 


Special Grades 


Cellulose Tenite II 
acetate- 


butyrate 


| Cellulose 
propionate 


Forticel 


| Ethyl 


cellulose 


Ethocel 
Hercules EC 
Koppers EC 
Nixon EC 


Polyamide | Nylon 


4 


THE 


Poly- 
ethylene 


Bakelite poly- 
ethylene 
Polythene 


Bakelite poly- 
styrene 
Loalin 
Lustrex 
Koppers poly- 
styrene 
Styron 


styrene 


Vinylite 
Geon 
Marvinol 
Ultron 


Vinyl 
polymers 


| 


General properties 


Desirable 


Dimensional stability 
Heat resistance 

Self extinguishing 
Surface hardness 

Good chemical resistance 


Color-fast light shades 
Dimensional stability 
Arc resistance good 
Surface hardness 
Weathering good 

Self extinguishing 
Odorless and tasteless 





Good pastel colors 
Odorless and tasteless 
Light fast 

Good light diffusion 
Nontracking 

Solvent resistant 


Superior optical properties 
Unlimited colors 

Good weathering resistance 
Slow burning 
Toughness 
Colors stable and unlimited 
High shock resistance 


Flame Resistance? 


Toughness 

High shock resistance 

Fair moisture resistance 
Colors stable and unlimited 


Odorless, tasteless 
Fair moisture resistance 


| Toughness and impact strength 


Colors unlimited 


Colors good 

Shock resistant at low tempera- 
ture 

Good moisture resistance 


High temperature resistance 
Excellent chemical resistance 
Toughness 

Abrasion resistance 
Toughness 

Excellent chemical resistance 
Low gravity, low temperature 
Flexibility 

Excellent electrical properties 
Tasteless and odorless 


excellent electrical properties, 
good moisture and chemical 
resistance 
Tasteless and odorless 
Unlimited color range 


Nonflammable 

Good chemical resistance 

Good dimensional stability 
Good aging, good abrasion wear 
May be rigid or elastomeric 


Excellent dimensional stability, | Brittleness 


Less desirable Typical good application 


Darker colors only | Motor cases 

High impact grades difficult to | Business machine housings 
finish Heat-resistance handles 

Arc resistance poor Telephones 

May have taste or odor Washing machine agitators 

Weathering generally poor 


Not resistant to strong acids | ¢ 
or alkalies 

Shock resistance not good ex- 
cept for special grades 


ircuit breakers 
Terminal boxes 


Not resistant to acids and 
alkalies 

High moisture absorption 

Relatively low temperature 
resistance 

Low shock resistance 

Shock resistance 
relatively poor 

Heat resistance fair 

Dimensional stability fair 


Lighting fixtures 
Outlet plates 
Clock housings 


Lenses, dials 
Nameplates 
Television lens 


Soft surface, poor weathering, 
flammable 

High moisture absorption 

Heat resistance relatively low, 
chemical resistance poor 


Housings 
Knobs, buttons for radios 
Business machine keys 


Motor Housings 


Lower Impact Strength 





| Objectionable odor 
Soft surface, flammable 
Chemical resistance poor 

| Heat resistance relatively low 


Telephones 
Vacuum cleaner parts 
Coil spools 


Flammable, soft surface | Telephone housings 


Chemical resistance poor 
Low heat resistance 


| Flammable, soft surface 
Chemical resistance poor 
Low heat resistance 
Weathering poor 


Flashlights 
Vacuum cleaner tubing 
Vacuum cleaner nozzles 


Moisture absorption high 
Cost high 
Weathering fair 


Coil forms 
Gears 

Wire covering 
Bearings 


Weathering poor 
Heat resistance fair 
Waxy surface 
Soft surface 
Not resistant to hydrocarbons 





Wire covering 
Ice cube trays 
Coaxial cable insulators 


Battery boxes 
Refrigerator trays 
Evaporator doors 
Handles 


Weathering poor 
Not solvent resistant 
Fair temperature resistance 


Guards and bumpers 
Wire insulation 
Vacuum cleaner nozzles 


Low temperature resistance 
May decompose during proc- 
essing 


ePrepared by the author. : ‘ : sce fe 
>Flame-resistant grades of cellulose acetate do not have blanket approval of the Underwriters’ Laboratories, but only on specific applications. 
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offset the cost. Every large user of plastics parts can 
cite instances where an experimental mold would have 
revealed some flaw in design, thereby saving a large 


expenditure for changing production molds and saving . 


weeks of time in starting production. 

Material suppliers and custom molders very fre- 
quently have more experience with plastics materials 
and design than does the consumer. Don’t be afraid 
to use their knowledge. From their broad experience 
they can usually help in selecting the best materials for 
trial runs. And, if you do ask the advice of a materials 
supplier or your custom molder in selecting a mate- 
rial for a given application, by all means give him the 
complete story. Alexander Pope said, “A little knowl- 
edge is a dangerous thing.” And this certainly applies 
to the situation of telling your advisor what the plas- 
tics material must do if you leave out the one little, 
seemingly irrelevant fact on which success of the 
application depends. 

Experimentally molded parts should be put through 
a series of functional, durability, and life tests. The 
functional and life tests should be designed to duplicate 
as nearly as possible the service operating conditions. 
Such tests may be for bearing wear, dimensional sta- 
bility, chemical resistance, or abrasion wear; the tests 
are necessarily determined by the function of the. part. 

In addition to the tests for normal operation, tests 
must be conducted which simulate the abnormal abuse 
which may be encountered; and the experimental 
plastics parts must be made so as to provide a reasonable 
margin of safety against such abuse. The importance 
of these abnormal-abuse tests cannot be overempha- 





sized. The ability of the average user to administer 
punishment to appliances must never be underestimated. 
These abuse tests frequently point the way to desirable 
design changes. Perhaps the addition of a rib will 
prevent warpage, or the addition of a fillet to a sharp 
corner will provide the necessary safety factor of 
strength. During the single-cavity stage competitive 
materials should be evaluated and the most satisfactory 
flow grade or plasticity established. 

' All too often, two materials may seem to have nearly 
identical properties if we rely solely on information 
from the suppliers’ data sheets, yet in actual molding 
trials and tests of molded parts one material may be 
satisfactory and the other not. Sometimes both mate- 
rials may produce satisfactory parts, but one may be 
just a little better from the standpoint of ease of mold- 
ing or finishing. These small differences may amount 
to the important difference between a smooth-running 
job and one which is a constant source of trouble. 

If dimensional tolerances must be held extremely 
close, the single-cavity molded parts allow a check on 
mold shrinkage allowances to be made accurately, and 
necessary adjustments can be made in production tool- 
ing. After completion of successful tests on the molded 
parts, the material should be specified in detail on the 
part drawings. Once specified, no deviations should be 
permitted without first molding and adequate testing of 
parts from the substitute materials. 

When the correct material has been established and 
the design approved, the third step is to test parts from 
the production mold. These parts should be checked 
dimensionally to see if they deviate from those previ- 
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Fig. 2 (Left)—Fade-o-meter test equipment provides a standardized ultraviolet source to measure color stability of 
brightly colored plasties. Fig. 3 (Right)—Faded plastics specimens showing that the Fade-o-meter and natural sunlight 
exert roughly comparable fading action. 
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ously found to be satisfactory. Since it is seldom pos- 
sible to duplicate mold cavities perfectly (unless they 
are hobbed) small dimensional differences often are 
detected. In such cases tests should be run on samples 
from all mold cavities to make certain that the opera- 
tion and serviceability of all parts are satisfactory. 
It is seldom possible to translate a job from an experi- 
mental mold directly to a multiple-cavity production 
mold. This is especially true of injection molding. 
Almost invariably, changes in molding temperatures, 
gating, or other factors influencing appearance and 
quality of the molded parts are required. After the 
optimum molding conditions are established, then the 
same program of performance and physical tests should 
be applied to production-molded parts as were per- 
formed on the single-cavity samples. 


Control of Materials and Processes 


While the selection of the most suitable material is of 
primary importance, once production is started a con- 
stant vigilance must be maintained to insure that the 
established level of quality does not deteriorate. There 
are many points along the line where causes of poor 
quality may enter into the picture. The materials may 
vary from lot to lot in color, flow or plasticity, bulk 
factor, or they may contain impurities. Manufacturing 
processes may get out of control causing warpage, 
dimensions beyond tolerance limits, or color segre- 
gation. All of these variables can add up to a high 
scrap figure and possible: interruption of production 
schedules. 

In order to prevent production of plastics parts of 
poor quality, the raw material should be examined 
when received and before it is released to production. 
Acceptance tests will vary accordingly to the type of 
material and its intended use. Some of the more com- 
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Fig. 4 (Left)—Falling-ball 
impact tester for plastics, 
This apparatus may be ad- 
justed to accommodate a var 
iety of samples. Fig. 5 
(Right)—Another type _ im- 
pact tester in which weight is 
dropped from __ increasing 
heights through guide tube. 


monly applied tests are those for specific gravity, color 
and color stability, mold shrinkage, heat distortion, and 
impact strength. For certain applications, it is neces- 
sary that the color resist the fading action of sunlight. 
The Fade-o-meter (Fig. 2) is an apparatus consisting 
of a carbon arc source of ultraviolet which simulates 
the sun’s rays. The exposure chamber may be main- 
tained at a predetermined temperature and _ relative 
humidity. Fig. 3 illustrates how the Fade-o-meter 
simulates the action of sunlight on colored urea-formal- 
dehyde and phenol-formaldehyde specimens. Unfortu- 
nately a black and white photograph does not reproduce 
the true color changes, but it is obvious that the action 
of ultraviolet light may cause a serious color change. 
Needless to say, these particular samples would not be 
suitable for any appliance where exposure to sunlight 
is a factor. 

In all fairness, it must be stated that the material 
suppliers do a very good job of weeding out off- 
grade batches before they are shipped from their 
plants. But occasionally some material which is not 
quite up to specification may reach the user’s plant. 
It is for that reason that control or acceptance testing 
of materials is good insurance. The molding of a 
simple impact test bar will permit the user to check 
color, cure rate, mold shrinkage, impact strength, and 
specific gravity all in one molded sample. Thus, from 
one molded piece, a fair picture of that particular lot of 
material may be obtained. Color contamination, which 
occasionally occurs, may not be detected except on a 
factory run, where large surface areas may be exam- 
ined. 

After the raw materials have been approved there 
still remains the necessity of control of the molded 
parts. This control may well start with spot inspection in 
the molding room. Inspection at each molding machine 
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Fig. 6—Close-up of one-piece 
molded phenolic motor case 
and hood. Fig. 7 (Right)— 
Glass dirt-finder lenses were 
replaced first by acrylic, then 
by polystyrene lenses. Plastics 
are less fragile than glass and 
also reduce weight. Moreover, 
optically the polystyrene 
lenses are superior; illustra- 
tion shows identical design 
of glass and plastics lenses. 


will quickly detect such things as color defects, warp- 
age, dimensional rejects, or poor welds before the cost 
of finishing operations is incorporated in the part. The 
inspection should be scheduled irregularly to keep the 
operator on his toes. And, most important, steps can be 
taken immediately to remedy the cause of trouble before 
an appreciable number of defective parts are produced. 

To reduce the number of defective parts from 
processing causes, the optimum molding conditions for 
each part should be established during the first pro- 
duction run of that part. All of the factors entering 
into the production process such as preform weight, 
preheating or drying times and temperatures, mold and 
material temperatures, and molding cycles should be 
established and recorded for further use. Control of 
mold temperatures must be accurate for both thermo- 
plastic and thermosetting materials for the best results. 
(There is a trend in our company toward the use of 
electricity to heat molds rather than steam since it 
lends itself to more precise temperature control. ) 

When the parts leave the molding and finishing de- 
partments, they should then be submitted for approval 
to the inspection department, where they are given a 
more critical inspection than is possible during the 
spot check in the molding room. This inspection is 
usually dictated by the nature of the part and may be 
a 100-per cent inspection or set up on a sampling basis. 
It is properly the function of the inspection department 
to make gage checks, to inspect for color, blisters, 
warpage, and poor finishing, or other production de- 
fects. This department may also perform regularly 
such physical tests as may be dictated by the nature 
of the part. 

Fig. 4 illustrates such a test in the form of a falling 
ball impact test on a phenolic motor hood. This 
apparatus consists of an electromagnet adjustable in 
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height, from which a 1-lb steel ball is dropped on the 
plastics sample mounted rigidly on a steel base plate. 
The apparatus is versatile enough to accommodate a 
wide variety of samples. Fig. 5 shows a similar impact 
test in which a sliding weight is dropped on the sample 
through a guide tube. Tests of this type are usually 
set up on a “go,” “no-go” basis, but the tests may be 
conducted by gradually increasing the height of drop 
until breakage occurs, in which case the shock resist- 
ance may be expressed in terms of foot-pounds of 
energy required to break the sample. 

In some cases the parts may be subjected to espe- 
cially designed tests requiring specialized test equip- 
ment. In such event, the finished parts are tested by 
the plastics laboratory. Several such tests will be 
discussed under the case histories to follow. 

Amplifying the regular inspection set up, the plastics 
laboratory may maintain a laboratory check on parts 
judged to be particularly difficult to produce without 
trouble. Such tests are independent of and supple- 
mentary to regular inspection. These laboratory checks 
are made particularly at the start of a new production 
run, or when a new lot of material is being utilized, and 
are primarily designed to make certain that the opti- 
inum properties of the material are being brought out 
by maintaining the correct molding conditions. The 
main points of concern in the laboratory check are 
proper cure, good welds, and shock resistance which 
may be affected by these factors. 

Phenolic motor cases have been featured for many 
years on Hoover cleaners as have phenolic motor hoods. 
The Hoover Model 115, recently introduced, utilizes 
an interesting combination of motor case and motor 
hood in one phenolic molding. Two views of this 
intricate part are shown above in Fig. 6. As may be 
(Continued on page 154) 
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centrifuge for biologi- 
cal research work. 
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© PROVIDE a high-speed centrifugal for the 
bulk preparation of materials used in biological 
research such as viruses and the larger proteins, 
a fairly economical unit was required with only a limited 
degree of speed regulation compared with the much 
more costly units designed for analytical work. In the 
latter, where speed control accuracy of 0.2 per cent is 
called for, machines have been built by the same com- 
pany with a relatively complex differential gear device 
and an expensive voltage-controlling variable trans- 
former. For the lower speed preparative centrifuge an 
electronic control unit has been adopted that holds rotor 
speed to about 3 per cent of the speed chosen, close 
enough for service requirements. It is completely auto- 
matic in operation. It cost about $3000, compared with 
$14,000 odd for the analytical machine, which is capable 
of gravity multiplication of 260,000 g at 60,000 rpm. 
The smaller unit produces 144,000 g at 40,000 rpm. 
To make it feasible to use untrained operators, un- 
usual attention was given to safety devices, simplicity 
of control and interlocks to prevent operating errors. 
With the electronic controls, the machine will accelerate 
to a preset speed and return to rest automatically. Rapid 
loading and unloading is achieved by use of inter- 
changeable rotors which can be loaded at the bench 
while a run is being made. Mechanical coupling is 
avoided through use of a machined socket in the rotor 
bottom that mates with a tapered drive-shaft exten- 
sion. A self-balancing feature in the drive makes metic- 
ulous balancing of the rotor load unnecessary. 
At the high speeds encountered, it is necessary to spin 
the rotor in a vacuum to reduce air friction and mini- 
mize heating which would cause convection currents to 
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stir the material being processed and interfere with 
sedimentation. Hence a vacuum chamber and motor- 
driven pump must be provided. In many cases also, 
material must be kept at reduced temperature ; this re- 
quirement calls for refrigeration equipment to be de- 
signed in. 

Figs. 1 and 2 show the mechanical arrangement of 
the various subassemblies within the housing. The fully 
enclosed drive assembly and motor are suspended di- 
rectly under the rotor chamber. To the left of this is 
the chassis of the electronic control unit. The vacuum 
pump is located behind the drive. This two-stage 58- 
liter-per-min pump evacuates the rotor chamber to less 
than 0.0001 atmosphere. Chamber evacuation and rotor 
acceleration can be started simultaneously and the re- 
quired vacuum will be attained by the time the speed 
requiring it is reached. 

For optional refrigeration, a standard commercial 
\;-hp compressor is used. It is capable of holding a 
rotor and its contents as low as —10 C. Evaporator 
consists of copper tubing wound in a flat spiral and 
soldered to the bottom surface of a spun-copper well 
which fits inside the rotor chamber. Besides acting as a 
thermal baffle between the rotor and the mass of the 
vacuum chamber and guard, this well conducts heat 
rapidly to the evaporator coil. Heat from the rotor is 
transmitted to the well by convection through the small 
amount of highly-turbulent residual air in the chamber. 
Surfaces of the well and cover are polished chrome. 


Drive Assembly 


Details of the drive and associated units are shown 
in cross section in Fig. 3. The centrifugal rotor is 
driven by a 1'%-hp universal series-wound motor 
through a gear box to which the motor is flexibly 
coupled. Motor is controlled by the electronic circuit 
illustrated and described separately, Fig. 4. In the gear 
box, there is a single step-up of 374 :1 to the high-speed 
spindle, and a 20:1 reduction from the spindle to the 
d-c rate generator and tachometer take-off for visual 
indication. The rate generator provides a constant ratio 
of 2 volts per 100 rpm and supplies control voltages for 
use in the electronic unit. The helical gears are cut 
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Ol (r nl assures safety at high speed 


Speed control within 3 per cent, fast braking by plugging and low-speed cut-off to prevent 


sudden stops, overspeed safety and regulated power supply are found in a novel reactor con- 


trol for ultra-speed preparative centrifuge, which includes vacuum and refrigerating systems. 


from fine-weave canvas-phenolic laminates and mesh 
with heat-treated steel pinions. Gear sets run in oil 
vapor supplied by the centrifugal-pumping action of the 
high-speed spindle which draws oil upward through 
channels at its lower tip and ejects it from a slinger at 
the top of the spindle. Shafts are all mounted on ball 
bearings—those on the high-speed spindle being of the 


precision angular-contact type with phenolic retainers. 

From the high-speed spindle, the *4 ,-in. heat-treated 
alloy steel drive shaft rises 31% in. in the clear to the 
tapered rotor rest. This minimizes the conduction of 
heat from the drive to the rotor. Resulting lateral 
flexibility of the shaft provides the self-balancing feature 
which allows running rotors with unbalance. Torsional 





Fig. 1—Interior view of the centrifuge showing left and 
front sides. Vacuum chamber is at top front with gear 
drive suspended below. Motor is inside air duct attached 
to cooling blower at right. Electronic unit is to left of 
drive, refrigeration unit to rear of vacuum chamber. 
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Fig. 2—Right and rear sides of the machine. Motor driven 
vacuum pump is at lower rear with flexible vacuum line 
to chamber. Refrigeration condenser is vented at 
rear. Plastic oil in upper left, to- 
gether with interlocking control for door and air valve. 


reservoir is 
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Electronic control unit contains four fundamental sections: 
(1) Speed control, (2) low-speed cut-off, (3) overspeed 
safety and (4) regulated power supply. 

1. Speed control. Speed of the 115-volt 14%4-hp drive motor is 
automatically controlled with a saturable reactor in series with 
the motor and power line. Reactance is sufficient to control rotor 
speed from less than 1000 rpm to 47,000 rpm. Necessary saturat- 
ing d-c is obtained from tubes VT3 and VT4, a pair of grid-con- 
trolled thyratrons in a single-phase full-wave center-tapped 230- 
volt circuit. A 350-ohm adjustable resistor is placed in series 
with the d-c saturating winding of the reactor to control maximum 
accelerating current to the motor. 

Thyratrons are grid controlled in a conventional manner with 
a variable d-c component superimposed on an a-c component of 
3.15 volts lagging the anode supply-voltage by 105 to 115 electrical 
degrees. The d-c component is obtained from a bridge circuit 
consisting of resistances Ri, Ro, and Rg in the plate circuit of 
tube V 75, a type 6SH7 pentode. Amplification of approximately 100 
is provided from the pentode grid to the thyratron grids. A speed- 
sensing voltage is applied to the V7; grid from the d-c rate gen- 
erator in series opposition with a d-c voltage adjustable by the 
speed-control potentiometer R4. With this arrangement, the 
motor accelerates until the negative voltage from the rate generator 
overcomes the pre-set positive bias on the V7'5 grid, balancing the 
bridge and reducing the accelerating current to the motor. The 
machine automatically attains the speed set by speed control 
without further attention and without motor overload. 
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Fig. 4—Schematic circuit diagram of electronic unit which controls acceleration, speed of operation, and deceleration. 
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2. Low-speed cut-off. At the end of the run, power is switched 
off, either by the time clock or manually, and the rotor is brought 
to a stop at either of the braking rates selectable on the control 
panel. At about 1000 rpm—if fast braking is being used—tube 
VT;, the low-speed cut-off, another type 6SH7, takes effect to re- 
move the braking current, so the rotor will come to a gentle stop, 
and to release the solenoid latch so the air valve and door inter- 
lock can be operated. Tube V77 takes its grid signal from the 
rate generator and controls a SPDT relay in its plate circuit. 
The point of control is selected by setting grid-bias potentiometer 
Rs across the heater of VT7. 

3. Overspeed safety. The function of tube V7, is to guard 
against the possibility of a runaway. This tube, another type 
6SH7, gets a grid signal from the back emf of the drive-motor 
armature—which is roughly proportional to speed. The a-c arma- 
ture voltage is fed to a bridge selenium rectifier through two d-c- 
blocking capacitors C; and Co. The rectified negative voltage is 
fed to the V7¢ grid in series opposition with positive voltage from 
potentiometer Rg, ganged to the speed-setting control shaft. Any 
abnormal rise in motor speed cuts off plate current to the V76, 
releasing the relay in this plate circuit and stopping the drive. 
4. Power supply. The electronic unit receives plate-power from 
the 115-volt line through a 210-volt d-c supply consisting of two 
selenium rectifiers followed by voltage-regulator tubes VT; and 
VT2, a pair of type VR 105. Because of need for isolation from 
the rest of the circuit, tube V77, the low speed cut-off, uses a-c 
plate voltage from a separate transformer winding. 
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flexibility keeps the high-inertia rotors from responding 
to instantaneous drive-speed variations. 
Vacuum seal between the gear box and the rotor 







helical spring reinforcement. The entire drive assembly 
is suspended from the vacuum chamber on rubber 
mountings having their maximum compliance in the 
horizontal plane and being relatively rigid vertically. 
The mounting cradle contains a deflection member 
which actuates a series of snap-acting sensitive switches 
in accordance with the weight of the rotor. Through 
electrical interlocks with the speed-setting control, these 
limit switches prevent operation of the larger-diameter 
rotors at speeds that would produce forces in excess of 
the yield point of the forged aluminum alloy from which 
they are machined. 

Oil supply for the vacuum seal is contained in a plas- 
tic reservoir, visible in Fig. 2, held in a rocker mount- 
ing so that the weight of a full reservoir provides a 
mechanical interlock to permit starting the drive motor. 
When the oil level falls to a predetermined point, the 
rocker rises and locks out the drive-starting control. 
This device will not stop the drive 
during a run: this would spoil a 
load of material being processed. 
The oil reserve is adequate to 
cover the completion of any run. 

Rotors are machined from solid 
forgings of aluminum alloy. Gen- 
erally speaking, this type permits —_| Rybber O-rings= 
higher speeds than the more com- Refrigeration — 
mon swinging-bucket type. A typ- we/l 
ical form is shown in the cross Guard cylinder--} 
section drawing of Fig. 3. The 








































largest rotor is 11 in. in diam, Vacuum ______ 
weighs 53 lb and holds 1100 cc of =| C#477™ber 
material in 10 plastic or metal Refrigeration 
tubes each 1% in. in diam by 5 in. colls._ 





long. This rotor is limited in % 
speed by the device described to 
20,000 rpm, at which speed 62,- 
000 g is exerted. The smallest 
rotor is 7 in. in diam, weighs 8 lb 
and holds 162 cc in 12 tubes % in. 
in diam by 3% in. long. This 
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chamber is effected by a synthetic-rubber bellows with ° 
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in the rotor bodies at angles ranging from 15 to 30 deg 
from the axis of rotation. They are covered by a single 
gasketted sealing lid held down by screws in keyhole- 
shaped slots for rapid removal and replacement. Covers 
have permanently attached T-handles which serve as 
lifting devices for rotor handling. 

Walls of the evacuated rotor chamber are designed 
to give full protection even in the event of rotor explo- 
sion—unlikely in view of the comprehensive safeguards 
provided. The inner cylinder—outside the refrigeration 
well—is a 1%-in. centrifugally cast heat-treated armor- 
steel guard which is free to turn in place and absorb 
rotational thrust as well as lateral motion resulting from 
explosion or an escaped rotor. Outer wall of the vacuum 
chamber is a second cylinder of %-in. steel to which the 
vacuum line is attached by a %-in. ID rubber tube. 

Vacuum chamber is covered by a horizontally operat- 
ing door of %4-in. chrome-plated steel which rolls on 
three 54-in. o-d ball-bearing wheels and is actuated 
through steel cables by the left-hand knob on the body 
of the machine housing. For safety, the door is con- 

(Continued on page 164) 
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handle. 


















rotor is capable of 144,000 g 
centrifugal force at 40,000 rpm. 

Tubes are individually sealed 
with caps having expanding gas- 
kets and slip into sockets bored 


Fig. 3—Cross-section through drive 
gear box and rotor chamber show- 
ing a 7-in. rotor in operating pos:- 
tion. Sealing oil from the bellows is 
drawn upward into the vacuum 
chamber past the guide bearing and 
serves both for lubrication and to 
seal vacuum around the drive shaft. 
It is continuously drained back into 
the vacuum pump through a flexi- 
ble line. Overflow pipe from the 
vacuum pump oil tank takes excess 
oil from this point to a removable 
drain pan under machine. 
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Heat dissipation is a limiting factor in designing for greater compact- 


ness, miniaturization, savings in material cost, and the use of new 


high temperature insulation. Here are formulas and data for calculat- 


ing heat loss by conduction, radiation, convection and liquid cooling. 


devices are converted into heat. The usual and in 

fact almost universal criterion of power output 
rating of electrical devices is the temperature rise. Since 
heating rather than electrical or mechanical considera- 
tions directly determines the permissible output of an 
electrically operated apparatus, a careful study of 
thermal properties and heat flow is an important element 
in the design. 

Recent trends in electrically energized devices have 
been characterized by an ever-increasing shrinkage of 
their physical sizes and dimensions. More and more 
devices are fitted into smaller and smaller spaces and an 
over-all “miniaturization” of electric and electronic de- 
vices is in progress (9).* The advances in design be- 
come apparent at once if we compare the size of a radio 
tube of 20 years ago with that of a modern hearing aid 


[° GENERAL, all losses in electrically operated 


* Italic numerals in parenthesis apply to references at end of article. 
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containing power supply, radio tube and printed circuit; 
or a modern 5-hp motor which requires the same physi- 
cal space as a 1-hp motor of 30 years ago. 

This progress can be traced to advances in the funda- 
mental theory of electricity, improvements in materials, 
better utilization of space and materials, and last but not 
least, to new insulating materials, especially the basically 
inorganic type such as silicones and fluorine compounds. 
In many electric devices, the life of the apparatus de- 
pends exclusively on the life of the insulation and as 
insulation deterioration is a function of temperature, 
the importance of temperature becomes evident. As the 
physical dimensions of a device decrease, the surface of 
the apparatus is reduced and consequently the smaller 
is the area to dissipate heat. It is obvious, therefore, that 
heat dissipation is a deciding factor which influences 
the physical size of almost every electric device. 

Improving heat transfer requires raising the power 
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Fig. 1 (Left)—Total heat transfer (radiation plus convection) from a plain vertical surface at sea level. For a rise of 
50 C, a common value, heat loss is about 4% watt per sq. in. Fig. 2 (Right)—Power radiated from plain surfaces for vari- 
ous ambient temperatures. Most commercial paints closely approach the emissivity factor of 0.95 used in these curves. 
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output without increase of temperature. Although the in which 62:and 6 are the steady temperatures on the 







three basic methods of heat transfer may be expressed two sides, and 

by simple formulas, none of them can be derived by P = rate of heat flow 

mathematical treatment: at best about 90 to 95 per cent d = thickness in the direction of heat flow 

of them are empirical. Even where part of the formula A = section area in a plane perpendicular to the 
is subject to exact mathematical treatment, one or more direction of heat flow 

empirical constants must be used. k = thermal conductivity 





It is convenient and general practice in dealing with 
thermal problems associated with electrical devices to 
Heat conduction through the volume of a substance __ use units of watts, inches, and Centigrade degrees. The 





Cooling by Conduction Alone 






















is very nearly proportional to the temperature gradient. element of time is included in the watt unit, which is a 
If heat is generated within a volume of the material rate of flow of energy. Table I lists approximate values 
which conducts it, a steady flow of heat occurs to cooler of thermal conductivities, resistivities and_ specific 
surroundings. The simplest example of heat flow is the thermal capacities of materials commonly used in elec- 
one in which the direction of flow is everywhere parallel ; trical design. Thermal resistivity is the reciprocal of 
the rate of heat flow through a plate or sheet of material thermal conductivity and can be expressed in deg C per 
per degree of temperature difference is equal simply to in. per watt. The specific thermal capacity of a material 
the product of thermal conductivity times section area, is the heat energy stored in unit volume for unit tem- 
divided by thickness. In equation form, the tempera- perature rise and can be expressed in watt-sec (or 
ture difference resulting from a given rate of heat joules) per cu in. per deg C. The entire calculation of 
flow is: heat flow by conduction in geometrically complicated 
parts is rather involved and fuller treatments will be 

~ — Pd found in some of the references listed. (1, ay 3) 
: Ak Radiated heat is energy in the form of infra-red elec- 








Table Ii—Low Temperature 
Radiant Emission 





Table I—Approximate Thermal Properties of Materials 






Approximate coefficients of heat radia- 
: tion for the range of 0-200 C without 
correction for surface condition 


] 
So | Specific thermal 
Material Resistivity Conductivity | capacity 

Deg C/in./watt | Watts/deg C/in. | Watt-sec/cu in./deg C 













Copper 0.11 9.0 58 











; Material Factor EF 
Aluminum 0.19 5.5 40 ddl 










































p Cast iron, freshly machined | 0.25 
Wrought iron 0.50 2.0 64 
; Monel metal, oxidized 0.43 
Sheet carbon steel 0.90 LI 64 
; Aluminum paint 0.55 
Cast iron 1.0 1.0 64 
ae Brass, polished 0.60 
Silicon steel sheets 2.3 0.44 64 
_ Gongitudinal) Oxidized copper 0.70 
Silicon steel sheets 15-50 0.07-0.02 64 
(transverse) Oxidized steel 0.70 
Mica (transverse) 140 0.007 35 






Bronze paint 0.80 






Varnished cambric 200 0.005 25 





Black gloss paint 0.90 





Rubber 250 0.004 





Asbestos paper 0.95 






Pressboard, oiled 250 0.004 25 





Green paint 0.95 





Brick 400 0.0025 





Gray paint 0.95 








Pressboard, dry 400-500 0.002—0 . 0025 







Lampblack | 0.95 





Untreated cloth or felt | 600 0.0016 
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tromagnetic waves. (4) Radiation is not of much im- 
portance in the cooling of high power electrical machin- 
ery, but for small devices having poor ventilation char- 
acteristics, its effect is appreciable. Cooling of the 
anodes in thermionic tubes is largely dependent on 
radiation. The fundamental law of heat radiation from 
a surface is expressed by the Stefan-Boltzmann law: 

W, = KE (T2* — T\*) 
‘in which W, = watts radiated per sq in. of surface 

K = 3.68 x 107"! 

E = emissivity factor 
T, = hot body temperature in deg Kelvin 


T, = ambient or surrounding wall tempera- 
ture in deg Kelvin. 


The range of E is from unity for the ideal black body 
to about 0.025 for a polished mirror surface, Table II. 
Up to 75 C rise in 0 C ambient, the heat radiation can be 
approximated by: 


W, = KEo- 


in which K = 1.84 x 10-* for an ambient of 0 C. 

Approximate emissivity coefficients of various mate- 
rials for the temperature range of 0-200 C are listed in 
Table II. These values are approximate, for the condi- 
tion of the surface of the material is not specifically 
defined, and the emissivity constant changes with varia- 
tion in surface condition. Emissivity of most surfaces 
approaches unity as temperature increases. 

It has been proved mathematically that the area effec- 
tive for radiation is the outside envelope of a surface 
irrespective of its shape. For a tank composed of either 
corrugations or of a plain surface to which radiators 
are attached, the true radiating surface is the product 
of the height and the length of a taut string drawn 
around the envelope. This is true, however, only where 
the color of the surface has an emissivity factor of 
unity, as for instance, a pérfect black body. However, 
the emissivity of most paints used in practice is quite 
close to unity and for practical purposes it is safe to 
assume that the effective radiating surface is the out- 
side envelope. For establishing the best cooling condi- 
tions, the apparatus and the surrounding walls should 
be painted with a black body paint although most com- 
mercial paints approach an emissivity of 0.90 to 0.95. 


Table I1]—Air Density Change with Altitude 


Air Density 


Pressure, cm | Relative density 


760 1.00 
706 | 0.93 
655 0.861 
608 0.800 
564 0.742 
0.684 
0.636 
-0586 


Power radiated vs temperature rise for four ambients 
and an emissivity of 0.95 is shown in Fig. 2. Ambient 
temperature is that of the surrounding walls. Heat 
transfer by radiation alone exists where heated parts 
are enclosed in vacuum or where heated parts are almost 
totally enclosed in a container (hermetically sealed com- 
ponents) and the air or reduced atmosphere is stagnant. 
Still air is a good heat insulator and heat transfer by 
convection does not take place. 

Natural convection currents materially assist in cool- 
ing any hot body immersed in a cooler atmosphere even 


Fig. 3 (Left)—Optimum 

design for heat dissipation 

in a cylindrical radiator 

with radical fins calls for a 

fin diameter twice the core 

diameter with fin spacing 

about equal to fin thick- 
a satel ness. Fig. 4 (Right)—Fins 
the apaapaeaat sent longer than 1 in. may be 


broken (b) or staggered (c) 


to set up turbulences and 
increase heat dissipation. 
though air is an extremely poor conductor of heat. (4) 
The amount of heat dissipated by natural convection 
in air is of the same order of magnitude as that dis- 
sipated by radiation for temperature differences such as 
exist ordinarily in electrical machinery. However, by 
the use of forced currents of air or other gases, or by 
the use of fluids such as oil or water having much 
higher thermal capacity (by volume) than air, the dis- 
sipation of heat may be increased many times over. 
The quantity of heat carried away by natural convec- 
tion in air is a non-linear function of the size, shape, 
surface material, condition, and orientation of the hot 
body, its temperature and that of the surrounding air, 
and the character of the surroundings especially insofar 
as they may affect the free flow of air currents. It is 
obvious that general convection constants cannot exist, 
since the relations are non-linear. For practical pur- 
poses, a simple formula has been developed: 


W. = Ko,» 


in which W. = watts convected per sq in. of surface 
K = constant 
6. = temperature rise, deg C 
nm = exponential value ranging from 1.0 to 
1.25 depending on shape and position 
of the surface being cooled. 


For plain vertical surfaces in air with heights rang- 
ing from about two feet and upward, it has been found 
that for temperature rises up to 75 C at sea level: 


K = 1.4x 10-3 
n 1.25 


It has also been found that the convection loss for a 
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given temperature rise varies as the square root of the 
air density. 

For vertical surfaces other than plain, as for instance, 
deep corrugations which offer appreciable resistance to 
the air flow, it is necessary to use a correction factor 
(air friction factor) which varies depending upon the 
depth and width of the air space in the corrugations 
and which must also be determined experimentally. For 
the upper side of a flat horizontal surface, the loss by 
convection is in the order of 15 to 20 per cent more; on 
the underside the loss is much less because the warmer 


) 
air must flow along the underside of the horizontal sur- 
face before being able to escape. Color of the surface 
has no effect on the loss by heat convection. 

Total transfer of heat (radiation plus convection) 
from a plain vertical surface at sea level and surface 
emissivity constant of 0.95 is shown in Fig. 1. The 
heat transfer from a plain vertical surface in a 25 C 
ambient is in the order of 45 per cent by convection 
and 55 per cent by radiation. In a room temperature 
of 0 C, the losses are about equally divided. By refer- 
ring to Fig. 1 it may be seen that the total heat dissipa- 
tion by natural means, both radiation and convection, is 
in the order of 4 watt per sq in. for a rise of 50 deg C 
—usual for devices such as relays or small motors. This 
figure is a rough basis for conservative design of elec- 
trically operated devices depending on natural cooling. 
With organic insulation, dissipation at a rate exceed- 
ing 1 watt per sq in. would very likely cause trouble if 
long continued. 

A frequent means to raise the natural heat transfer 
from an apparatus is to increase its surface by the use 
of cooling ribs, fins or corrugations. Although the heat 
dissipation is increased by the use of such an arrange- 
ment, the dissipation does not rise in the same propor- 
tion as the surface is enlarged. The heat transfer by 
radiation remains almost constant, as explained above, 
while deep corrugations or cooling ribs increase the air 
friction factor and cut down the natural air convection 
currents. In many designs using convolutions the cor- 
Tugated surface as compared with a plain surface may 
be increased by 3.5 times with an increase of only two 


times in heat transfer capacity. 
Heat dissipation by radiation is not subject to change 
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due to altitude, but the loss by convection for a given 
temperature varies as the square root of the air density. 
(2,4) Table III lists the barometric pressure and the 
relative air density for various altitudes. Up to 15,000 
ft the convection loss from a plain vertical surface 
decreases at a rate of approximately 2 to 3 per cent per 
1000 ft which accounts for a net reduction (radiation 
plus convection) of about 1.5 per cent per 1000 ft. It 
is evident, for example, that the effect of altitude will 
be less in devices with smooth outside surfaces where 
approximately 55 per cent of the loss is by radiation 


which is unaffected by 
the altitude, while the 


maximum _ effect 
(¢) 


would occur in cabi- 
nets having a large 
number of radiation 
fins where the part of 
the loss dissipated by 
radiation is small com- 
pared with convection. 
Apparatus standards 
of the American Insti- 
tute of Electrical En- 
gineers state that for 
tests at any altitude 
not exceeding 3300 ft 
the observed tempera- 
ture rise shall not be 
corrected for altitude. 

For airborne equip- 
ment, matters are con- 
siderably more difficult as counteracting factors exist due 
to flight velocity, as in ram jets for instance, where 
compression effects increase the air temperature and 
density. In general, it can be stated that high altitudes 
impose a serious problem on naturally or forced-air 
cooled devices. It has been found (9) that between 10,- 
000 and 35,000 ft altitude (depending on the flight 
speed) the cooling capacity of the air reaches a maxi- 
mum and thereafter decreases with increasing altitude. 
At extreme altitudes of over 100,000 ft completely new 
cooling techniques have to be devised. 


Forced Air Cooling 


By stimulating the otherwise sluggish natural air 
currents to high velocities, great increases in heat dis- 
sipation are obtained. (3, 5, 6) Forced-air-cooled high 
power transmitting tubes, for instance, operate at a 
dissipation of 3 to 4 watts per sq in. of radiator surface 
and a maximum temperature rise of approximately 
150 C (300 to 500 watts per sq in. of “heated” surface). 
Higher dissipation is possible with further increased 
cooling although a great quantity of cooling air or spe- 
cial radiator designs present economic problems in the 
manufacture or operation. With forced air convection, 
a rough surface dissipates more heat than a smooth 
one. Although the dissipation does not rise as fast as 
the air friction losses the gain in dissipation economic- 
ally offsets the increase in heat loss. 

Turbulence is a term used to define that condition of 
air flow obtained when the smooth streamline flow of 
low velocities is broken up into eddies and cross-cur- 
rents. For a given duct there is an air velocity that is 
critical—below it, flow is uniform and smooth; above 
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LITERS PER MINUTE 
GALLONS PER MINUTE 
POWER (kilowatts) 


Fig. 5—Power dissipated in water-cooled devices can be readily determined by 
this alignment chart prepared by Federal Telephone and Radio Corporation. 
Chart is based on water at usual tap temperature; example shows a 2-kw 
dissipation for a temperature rise of 11 C in 0.7-gpm flow of cooling water. 


it, turbulent. For round ducts, the equation is: 


y 225-330 ( T \ 178 
: d 273 


in which V, = critical velocity in fpm. 
T = absolute temperature of air in deg K 
d = duct diameter in in. 


There is a sharp increase in dissipation when turbu- 
lence occurs. The reason is that turbulent flow scours 
the dead air film away from the heated surface faster 
than does a smooth air flow. For forced air convection, 
velocities below the critical velocity are not worth using. 
The air required for cooling a certain device may be 
estimated by the formula: 


Q = 5.92 (t; + 273) 7 
At 


in which P = kilowatts dissipated 
At = the air temperature rise in deg C 
t; = the air intake temperature in deg C 
Q = air flow in cfm. 


Over the years certain hints as to good radiator de- 
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Fig. 6 (Top)—Annular flow in- 
duced by the wire helix in the 
cooling chamber increases speed 
and turbulence and gives more 
rapid cooling. This water-jacketed 
anode for a power tube dissipates 
600 watts per sq in. Fig. 7—Ad- 
dition of the wire helix increases 
heat dissipation by one-third, or 
provides the required dissipation 
with only two-thirds of the flow. 


sign have been 
derived. In the 
case of a cylin- 
drical finned 
adiator, Fig. 3, 
it has been shown 
that an “optimum” radiator design is achieved when the 
outer fin diameter is equal to twice the outer core diam- 
eter, and spacing between fins is equal to the fin thick- 
ness. Short radial ducts are usually more effective per 
unit area than long ones because of turbulence effects. 
Further, by splitting up continuous fins more than 1 in. 
long into a multiplicity of discontinuous strips, Fig. 4, 
a much higher performance is achieved. For instance, 
for an air speed of 3,000 fpm a staggered fin arrange- 
ment is more efficient by a factor of 2.5 as compared to 
a continuous strip fin. (7) The explanation for this 
improvement is rather obvious: turbulence is increased 
by the air hitting the sharp corners of the staggered 
row of fins. Closely spaced round pins or rods have 
shown still higher efficiency. 

For a given radiator design, the air pressure required 
from the blower increases in proportion to the square 
of the air velocity and the power increases with the cube 
of the velocity. For static pressures exceeding 2 in. of 
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water, air velocity cannot be increased without due 
consideration to power consumption of motor, commer- qd 
cial availability of blower, and noise. 


Cooling by Liquid Flow 


Of all liquids generally considered for cooling of 
electrical apparatus, water has the highest heat transfer 
figure; that is, more kilowatts per gallon of liquid can 
be dissipated than it would be possible for instance with 
oil. (5, 6) 

The amount of water required to cool a device can 
be estimated by the formula: 


P = 0.264 qt 


II 


in which P 


power dissipated in kw 
water flow in gpm 


t = temperature rise in deg C. 


This formula and the chart given in Fig. 5 are only 
approximate because they do not take into account 
certain flow effects nor the diminished heat capacity 
of water at low temperatures (4 to 15 deg C) where 
the water viscosity is increased and the thermal con- 
ductivity decreased. As an example, it has been shown 
(6) that the lowering of the water temperature from 
25 to 7 deg C causes an increase of the surface tem- 


perature of the heated apparatus by 14 C. 


(Continued on page 166) 


Measuring Radiant Emissivity with Infra-red Photography 


LTHOUGH more than 50 
years of development were 


behind plate-type rheostats, higher 
heat dissipation and smaller resist- 
ance steps were still demanded. The 
only: remaining approach to higher 
ratings was operation at higher tem- 
perature. In the development of a 
new metal-clad line of General Elec- 
tric rheostats an operating temper- 
ature of 300 C was set up, with the 
objective of obtaining twice the rat- 
ing for a given size. But to attain 
this performance level the effect of 
high temperature had to be consid- 
ered at every step in design. Three 
objectives guided the development: 

1. Make surface temperatures 

uniform 
2. Get maximum heat radiation. 
3. Obtain maximum area for con- 
vection cooling 

First step was to change from the 
conventional round to a rectangular 
shape which also simplified mount- 
ing; a metal cover on both sides 


Vertical plane 
1 foot square 
40C ambient 


cence eens 


[212 watts 
Convection only \ 


0 —_ 
0 100 200 300 400 
Temperature rise,deg C 





Fig. 1—Caleulated convection and 
radiation from uniformly heated 
vertical plane with emmissivity of 
0.1 and 0.9. Radiation dominates 
when emmissivity is high. 





gave better heat distribution. Cal- 
culations (Fig. 1) showed that 


more heat would be dissipated by 
radiation than by convection. A 
surface of high emissivity therefore 
was essential but emission constants 
for new high-temperature finishes 
were not known. Infra-red pho- 
tography offered a means of deter- 
mining these constants and proved 
to be a simple and reliable method. 

Test samples of steel strip were 
given various finishes, bolted to 
strip heaters, and power was applied 
and adjusted to a hot spot temper- 
ature of 405 C, Fig. 2. Then, in a 
dark room an infra-red time expo- 
sure was made. Although surface 
temperatures within the circle areas 
were the same, heat radiated as 
shown by brightest areas in Fig. 3 
varied considerably. 

Nonorganic black paint A had 
greatest radiating ability but was 
difficult to apply evenly by spraying 
or dipping. Copper oxide on red 





2—Five 
mounted on heating elements and 
heated to 405 C hot spot (circled). 


Fig. steel samples were 





brass D was next best but expen- 
sive. Although smokestack paint B 
had lower emissivity, it was easily 
applied and set by a bake but was 
found to be too soft. Final solution 
was a silicone-base paint that could 
be readily sprayed, air dried and 
baked to a hard finish. 

For the sheath material, creepage 
and low strength at operating tem- 
perature excluded copper although 
conductivity and emissivity were 
good. Unpainted aluminum was in- 
vestigated but emissivity of an ano- 
dized film was too low. Painted 
steel was the best answer from the 
combined considerations of cost, 
strength and thermal properties. 

Combined with improvements in 
welding and insulating resistance 
elements and a number of detailed 
changes for cost reduction, the final 
design more than met all require- 
ments: rating was more than dou- 
bled, appearance was improved, field 
of use was increased but with no in- 
crease in cost—George L. McFar- 
land, Manual and Accessory Con- 
trol Engineering Div. ooo 





A B Cc D E 


Fig. 3—Infra-red photograph of 
heated test specimens: A inorganic 
paint (white above and black be- 
low), B smokestack paint, C oxi- 
dized steel, D copper oxide on red 
brass, E buffed red brass. 


































































































Motor-Operated Check Writer 


Portable electric check writer has all usual 
features (locked control to prevent unau- 
thorized use, shredding type with indelible ink, 
removable prefix die) to which has been 
added touch-bar motor operation. Seven-bank 
keyboard has contrasting color keys; repeat 
and clear bars above keys. Styled by Henry 
Dreyfus, good relationship of masses lends 
feeling of strength, contours are functional. 
The Todd Company, Rochester, N. Y. 





































The Perkin-Elmer Corporation 
Glenbrook, Conn. 


New Double-Beam 


iti 


cluttered simplicity by 
portional relationship; three-dimensional dial adds 
prominence to exposed recording drum. Amplifier 





Infra-red Recording 


Spectrophotometer 


Single unit directly re- 
cords in per cent trans- 
mission for full range of 
wavelengths on chart 32 
in. long and 11 in. wide. 
Employs a 60 deg Lit- 
trow-mounted rocksalt 
prism; wavelengths and 
slit widths are indicated 
directly on counters. Uses 
continuous balance dou- 
ble-beam null method, 
with a-c detection and am- 
plification; time required 
for a reading limited only 
to speed of servo re- 
sponse. Appearance de- 
sign achieves clean, un- 
giving various masses pro- 


and recorder controls on sloping panel at right. 





Portable Heater with Rotating Reflector 


Combines radiant and circulated heat in one appliance. 
Reflector has short fan blades formed on outer rim 
of polished aluminum, rotated at low speed by 1000- 
rpm motor to deliver 90 cfm. Reflector surface is of 
such high reflectivity that no appreciable heat goes 
back to motor bearings; air drawn by fan ventilates 
motor. Heating element is a nickel chromium coil 


wound on a ceramic 
core; rated at 1320 
watts. Concealed han- 
dle designed into back 
of heater remains 
cool. Finished in ham- 
mertone gray. 


General Electric Company 
Bridgeport, Conn. 
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Automatie Lathe 
with Separate 
Rapid Traverse 


Seneca Falls Machine Co. 
Seneca Falls, N. Y. 


Separate 5-hp motor and 
V-belt drive for rapid trav- 
erse of longitudinal feed. 


Herman H. Sticht Co., Inc. 
New York 


Cory Corporation 
Chicago, III. 


Twenty Million Megohmmeter 


Designed for precise measurement of electrical 
resistance from 0.3 megohm to 20 million 
megohms in six direct-reading decades, with 
alternate test voltages of 85 and 500 volts. 
Operating controls (keys) are two-handed 
for safety. Designed by Electronic Instru- 
ments Ltd., England; clean, spacious ar- 
rangement of recessed panel; solid, durable 
lines on housing. 
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High speed multiple-tool turning lathe for long shoulder lengths 
and overlapping cuts has carriage travel limited only by length 
of bed. All hand feeding is eliminated by separately controlled 
power cross slides. Automatic feed throwout and tool relief. 
Multiple-disk clutch and brake in main drive permits instant 
spindle stop and continuous running of 40-hp 1800-rpm motor. 


Electric Dishwasher Requires No Plumbing 


Completely portable dishwasher is designed to operate on the 
drainboard of any ordinary size kitchen sink. Weighs only 
25 lb and requires no permanent plumbing or electrical con- 
nections. Motor-driven centrifugal pump sprays two rotating 
streams of recirculated water at different angles across load. 
Plastics window in cover. White enamelled steel housing. 





Drawer-Type Refrigerator 


Space-saving counter-high household refrigerator 
has two drawer compartments offering easier ac- 
cessibility and all contents within full view. Top 
of refrigerator is 36 in. high and finished with 
table-top working surface. Drawers have nylon 
roller bearings and floating slides, with self- 
locking latch to hold rubber sealing strip on 
door against plastic breaker strip. Ice cube trays 
and crisper in top drawer; compressor in base. 


Acme-National Refrigeration Co., Inc. 
Brooklyn, N. Y 


Selected new products—designed by readers of 
ELECTRICAL MANUFACTURING —showing significant 


developments in performance and appearance. 


Caliri Manufacturing Co., Inc. 
West Orange, N. J. 


Rapid Heating Soldering Gun 


Single-pole electrode in this new high speed electric soldering 
iron comes to operating temperature in 5 sec. Built-in light is 
placed just above electrode to illuminate work. Weighs only 
24 oz. Trigger controls dual heat; tripping at top gives 
150 watts, tripping bottom of trigger 100 watts. 


Pa 


Redesigned model incor- 
porates a number of 
changes adding to con- 
venience in use, ease of 


Endless glass-fiber tape, driven by clock-type motor, 
passes through a bath of triethylene glycol and close 
to a temperature-controlled heating surface. Glycol 
is vaporized, rises and mixes with room air to pro- 


vide a colorless, odorless vapor killing airborne 
bacteria and virus germs. Unit illustrated is 12 in. 
high, designed for average size home; uses about 
one gal of glycol per year. Jon-Howard, Inc., Minneapolis 


transportation and setup, 
and improved appearance. 
Recessed controls _ pre- 
vent accidental change in 
use, edge-lighted acrylic 
trade-mark serves as pilot 
light, molded rubber 
bumper around case gives 
rounded contours. Rec- 
tangular, clearly labeled 
knobs and off-center index 
are interesting design de- 
tails in recessed panel. 


Sperry Products, Inc., Danbury, Conn. 
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Vertical Production Lathe 


§ woe 


Automatic lathe designed to take full advan- 
tage of high-speed negative-rake cutting tools 
is controlled by a central cycle timer which, 
after work is chucked, starts spindle and 
each slide in turn and then stops spindle. 
Slides are independent of each other and 
may be set to go through their operations 
at any time during the machine cycle. Each 
feed box has own motor, clutch and solenoid 
valves. For setup, all movements are con- 
us trolled by pendant pushbutton station, with 
a selector switch positions for each slide; any 
“ slide may be moved at feed rate or rapid 
traverse in either direction. 


se Reed-Prentice Corporation 
Worcester, Mass. 


Voice-Actuated Sound Recorder 


Endless acetate band 31 in. wide and 24 in. long records 


Combination Steam Iron 
up to 314 hr, with band motion governed by a voice- 


actuated relay; starts instantly with input, stops 4 to 6 sec Automatic thermostat-controlled iron operates dry 
after cessation. May be used for unattended service. Sin- or with steam. Polished aluminum soleplate and 
gle head and stylus serves for both recording and play- stainless steel housing. Plastics handle hinged at 
back but with differing pressure. Counter indicates por- rear for access to filling spout. Thermostat control 
tion of track under stylus; back spacing interval is one knob extends to rear of handle for adjustment. 
track. Automatic volume control compensates for vary- Single filling of water provides ae for over one 
ing input volume. Unit shown is combination recorder hour of operation. Iron weighs 34% lb dry. Sup- 
transcriber weighing 15 lb; 7 in. high, 14 in. long. plied with 7 ft. cord. 
Miles Reproducer Company, Inc., New York Casco Products Corporation, Bridgeport, Conn. 
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Research developments in 


DIELECTRICS 


New areas of research in dielectric materials and test tech- 
niques are reviewed for the product design engineer in this 
first-hand report of the 1949 Annual Conference on Electrical 
Insulation. High-temperature materials dominate in interest. 


ALEX. E. JAVITZ, 


tion met on common ground at the 18th Annual 

Meeting of the Conference on Electrical Insulation 
held at Pocono Manor, Pa., November 7 to 9, inclusive.’ 
Some 200 specialists in dielectric materials—in a gamut 
of professional affiliations ranging from fundamental 
physicist to working product-design engineer—got to- 
gether in four technical sessions and a series of round- 
table discussions. Some of the sessions, of course, were 
long on science and perhaps short on the practical. But 


_oaerere emia research and practical applica- 


£ 
a 
2 
S 
% 
£ 
s= 
”~ 


Stress, volts/mil 


larnished cambric SN 
— ‘ 


— bonded 


; ee 


vine to fail, sane 









Associate Editor, ELECTRICAL MANUFACTURING 


in the net result the conference provided a rich lode of 
information on concrete developments in dielectrics for 
the alert design engineer to study and apply with profit 
to his work. 

In content, the four technical sessions were devoted 
to the following symposia : Electrical Properties of Mat- 
ter; Insulating Materials; Dielectric and Related Mea- 
surements ; and Insulated Wire and Cable. The round- 
table discussions were divided into some fourteen 
groups, subjects of which were chosen on the basis of 
preferences and suggestions made prior to the meeting 
by conference members. 

An innovation in these annual meetings, the round- 
table discussions were intended to implement in practical 
terms one of the permanent main objectives of the con- 
ference—‘‘intimate contact and exchange of ideas be- 
tween science devoted to fundamental research in dielec- 
trics and the industry concerned with their applications.” 
The largest attendance was reported at the discussions 
covering service performance of insulation and trends 
in their uses; high-temperature organic and organo- 
inorganic insulation; and ferroelectrics. But some of 
the other groups made up for their smaller attendance 
by the vigor of discussions. Typical was the intense 
interest in electrets—still illusive in a practical form. 

So far as the other highlights of the 1949 meeting are 
concerned, they pretty much repeat the pattern of the 
1948 meeting.? Again it was brought out that current 





1 The Conference on Electrical Insulation is sponsored by the Division of 
Engineering and Industrial Research, National Research Council. For in- 
formation regarding annual meetings and publications, ge the NRC 
headquarters at 2101 Constitution Ave., Washington 25, D. 

2 See “Research Progress in Dielectric Materials,” Riaiine 1948 Exec- 
TRICAL MANUFACTURING, p. 112. 


Fig. 1— Voltage-time relationship showing the elec- 
trical failure points of tetrafluoroethylene polymers 
(Teflon). Failure is caused by mechanical erosion as 
result of ion-particle bombardment at time of corona 
discharge. Fig. 2—Corona discharge as cause of failure 
is encountered also in other insulating materials, as is 
shown in the lower graph. (Source: du Pont Company) 
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1. High-temperature performance cannot be disassociated 
from the time element. On a continuous 1000-hr test 
basis, present limits seem to be 150 C for phenolic 
materials; 175 C for Kel-F  (polychlorotrifluoro- 
ethylene); 200 C for silicones; 275 C for Teflon 

| (polytetrafluoroethylene). Criterion for satisfactory test 

compliance is retention of a certain percentage of 
original properties . . . “Wet” dielectric properties are 
the most critical. 

2. Watch the coefficient of thermal expansion in plastics 
used over a temperature range of —40 C to + 200 C. 
You have to accommodate for the fact that thermo- 
plastics will expand and contract as temperatures shift. 
Difficulties can arise where bonding to, or extrusion 
over, metal are concerned. 

3. How high can military requirements go? High-tem- 
perature requirements are indicated as high as 500 C 
for insulating materials exposed to gas-turbine atmos- 
phere or (in shipboard installations) to smoke-stack 
exhausts . . . One material—identified only as “Mate- 
rial X”—is reported under investigation for use at 
400 C in jet-propelled planes. 

4. Purpose of the Armed Services is to develop a “system 
of materials” that can be used under high-temperature 
conditions or for components to be used in new or 


novel applications. At extreme temperature ranges, 
; the mechanical properties become pertinent . . . Con- 
cededly, such ranges are not encountered in industry, 


but industry can use to advantage research develop- 
ments that produce such materials. For example, a 
ceramic has been developed with thermal conductiv- 
ities in a range between those of brass and aluminum; 
it may well be utilized in applications where heat 
dissipation is involved. 

5. Armed Services may be pushing us (industry) too 
hard toward higher and still higher performance limits, 
but we need to be pushed . .. There are purely in- 
dustrial applications where industry can apply such 
ranges; for example, solenoid-operated valves in certain 
industrial uses need the high-temperature materials. 

6. Design engineers have the all-important function of 
adapting materials to the design in hand. They aren’t 
always aware of this. You can’t replace an old material 
with a new material just like that. The design engi- 
neer has to consider mechanical properties and adjust 
the design to meet any limitations; he may, for ex- 
ample, have to modify the insulation structure; in 
general the engineer has got to learn how to adapt 
a material around mechanical or other limitations. 

. Silicone rubber is coming up fast as a dielectric mate- 
rial. It is now under actual flight “use test” as aircraft 
ignition wire insulation . . . A new silicone-molding 
resin (an Armed Services-sponsored project) is capable 
of withstanding 200 C for 1000 hr continuous operation, 























NOTE: Outstanding in interest at the 1949 Conference on Electrical 
Insulation was the innovation of round-table discussions. Above is a 
condensation of some provocative and informative. comments, primarily on 
high-temperature materials and on design factors. (Owing to the informal 
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product design targets call for smaller and more com- 
pact apparatus ; that operation is at higher speeds ; that 
service conditions call for extremes of temperatures and 
humidity ; and that availability or lack of a suitable di- 
electric material may spell the success or failure of the 
entire design project. Influence of the Armed Services 
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Highlights of the Round-Table Discussions 





and under “wet” conditions . . . One big problem 
in silicone insulation is brush wear in closed type of 
motor caused by released vapor. Another problem is 
failure caused by salt-spray attack; probably due to 
surface crazing. 

8. We haven’t been so conscious of corona in older mate- 
rials as in the newer ones . . . But perhaps too much 
stress has been placed on external corona as cause of 
failure; it is important also to investigate internal 
corona within the structure of the insulating material. 

9. Voltage creep is a particularly important problem 
where a composition type insulation structure is in- 
volved in design (e.g., presswood, laminates, porcelain 
arranged in series in a transformer). 

10. Tests for surface creepage involve not only the insula- 
tion material but also secondary factors . . . Surface 
contamination becomes a problem all of its own; it 
might well be basis of a specific test procedure. 

11. In hard practice it is almost impossible to evaluate 
materials by test. The best we can do is to approach 
the use conditions and establish some comparative data 
which bring the product designer intuitively into the 
desired design. 

12. Final answer to any design problem involving materials 
(insulating or other) is to build a completely finished 
product . . . In the last analysis, we may have to 
concede that new designs are influenced by the per- 
formance of previous models; this is why progress at 
times seems relatively slow. 

13. In ceramics, high-dielectric and loss-loss materials lead 
in interest. Zirconates lead in certain developments, 
since they are more favorable than steatites in respect 
to thermal shock . . . Steatite enriched with magnesite 
is another interesting material . . . New types, such 
as single-oxide ceramics, combine high dielectric values 
and high mechanical strengths. 

14. Difficulties in obtaining pure materials constitute a 
major manufacturing problem in ceramics . . . It is 
important to prevent contamination‘ in the user’s plant 

Sintered alumina probably best ceramic as to 


purity. 
15. Highly vitrified ceramics have advantages in certain 
applications . . . Alumina porcelain replaces sintered 


alumina in aircraft sparkplug cores, since production 
costs are lower than in the high-temperature firing 
process needed for sintering. 

16. Electrets arouse much interest, but they are still far 
from well understood. They may be considered analogs 
of permanent magnets. Most of experimental work 
has been with such materials as beeswax and carnauba 
wax, both of doubtful purity, and to that extent in- 
fluencing results . . . Interest, however, ranges in 
electrets made from glass to ceramics and plastics . . . 
But practical applications are still to be developed. 









nature of these discussions, names of participants are omitted.) 

A reflection of the current research and application interests in dielectrics 
is given in this listing of the fourteen subjects under which the round- 
table discussions were grouped: 


Ferroelectrics High-Temperature Organic and 
Oo <I ic Insulati 
Dielectric Breakdown See ee 


Electrets 
Dielectric Measurements CiekithRiiitun 
Ionic Losses in Dielectrics Quality Evaluation of Dielectrics 


was again injected in many of the discussions, not only 
at the level of specific application, but also at the level 
of basic research.* Where the pattern has shifted, if any, 
has been in emphasis from one material to another. For 





2 See “Impact of Military Requirements on Product Design,” Alex. E. 
Javitz, October 1949 ELectricaL MANUFACTURING, p. 142. 


The Navy’s Insulation Materials Program Reviewed at the Conference 


Some $3,000,000 have been spent by the Bureau of Ships 
in the past four years in development contracts on mate- 
rials and equipment in connection with its evaluation pro- 
gram on improved electrical insulation materials.* This was 
revealed by H. P. Walker of the Bureau’s electrical section 
in a communication to the 1949 Conference on Electrical 
Insulation to be read at the round-table discussion on High- 
Temperature Organic and Organo-Inorganic Insulation. Mr. 
Walker disclosed that practically all test equipment called 
for in development contracts has been designed and deliv- 
ered for “use tests.” All materials are tested in actual 
equipment. For all coil-wound machines, such as _ trans- 
formers, generators and motors, the following procedure is 
specified : 


“Lise Test’? Procedure 


1. 1000 hr of operation at 240 C in cycles of 200 hr running 

time, then 24 hr in 100 per cent R.H. per cycle. 

240 hr of operation at 160 C in cycles of 48 hr running 

time then 24 hr in 100 per cent R.H. plus 2 per cent 

salt spray per cycle. 

3. Six cycles of oil and cleaning-solvent tests, each cycle 
consisting of the following: (a) spray windings with 
lubricating oil; (b) spray again in 1 hr; (c) allow 
to stand overnight; (d) operate 24 hr at 160 C; (e) 
dust windings with carbon dust; (f) operate 48 hr at 
160 C; (g) clean windings with stiff brush, using carbon 
tetrachloride; and (h) humidify for 24 hr at 100 per 
cent R.H. 

. Failure is considered to have occurred when the equip- 
ment fails to perform its function or the winding grounds, 
short circuits or fails from potential tests. 

As a result of these tests (particularly those related to 

silicone materials), the Bureau today is installing silicone- 


2. 


* “Electrical Insulation—Navy's Program Moves Ahead,”’ Alex E. Javitz, 


November 1948 Exvecrrica Manuracturinc, p. 88. 


example, the silicones held the spotlight in 1948, while 
the fluoroethylene resins dominated the show this year. 

Here, then, is the essence of the conference in terms of 
abstracts of selected papers and resumés of round-table 
discussions. As much as possible the interpretation and 
distillation is related to the work-a-day problems of the 
design engineer. Where this report goes somewhat be- 
yond the strictly practical, it is for the purpose of 
stimulating the thinking of the design engineer, of 
broadening his horizons. For the engineer should re- 
member that he is likely to fall into a rut in regard to 
dielectrics. He may take conventional materials for 
granted ; be afraid to investigate, to experiment. 

Highlight of the symposium on insulating materials 
was a presentation by Drs. Carl G. Brodhun and J. R. 
Perkins of the du Pont Company on “Teflon Electrical 
Insulation.” The interest was a natural reflection of 
the preoccupation for the past few years by both re- 
search chemists and design engineers in the development 
of high-temperature resistant materials. (Teflon is the 
well-known du Pont trade mark for the polymer of 
tetrafluoroethylene. ) 

Featuring the paper, delivered by Dr. Perkins, was 
the announcement of a new du Pont development, the 
Teflon suspensoids, which are expected to have im- 
portant practical applications once the present pilot- 
plant stage has been passed. These suspensoids are 
essentially aqueous dispersions of very small spherical 
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insulated equipment aboard ships with the belief that many 
years of satisfactory life can be obtained at operating tem- 
peratures up to 200 C. Also derived from the program to 
date is this comprehensive list of practical objectives for 
future work in silicones: 


Targets for Improved Silicones 

1. An improved silicone impregnating varnish is needed which 
will have a higher degree of solvent resistance than pres- 
ently available. Better curing is also needed as the present 
varnished structures soften somewhat at higher operating 
temperatures, thus entrapping dirt and other contamina- 
tion and leading to premature failure. Further cross- 
linking of the resin should be considered as at operating 
temperatures on closed d-c machines silicone vapors 
seriously increase brush wear. Although the present resins 
are usable, the above points should be considered for 
future development. 

2. An improved laminating and molding resin is needed 
which will have better bonding properties to fibrous 
glass, will cure at a faster rate, and which will not 
soften or drop off in mechanical strength at operating 
temperatures. A study of other catalysts should be made 
to improve the cure time. 

. Although an improved glass-fiber silicone-bonded magnet 
wire has recently been made available which has im- 
proved solvent resistance and better handling properties, a 
silicone-resin enameled wire still needed to further 
reduce coil space. 

In regard to the fluorinated hydrocarbon materials, the 

Bureau is currently investigating their properties for magnet- 

wire insulation, also for laminating and molding purposes. 

A completely Teflon-insulated motor is now undergoing 

toxicity tests at the Navy’s Medical Center and a duplicate 

motor is scheduled for “use tests” at the Material Laboratory, 

New York Naval Shipyard. 
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particles of the order of 0.5 micron, negatively charged, 
and with a pH approximately 2 to 3. The dispersions 
contain only water, Teflon and a wetting agent. The 
latter is volatile and is driven off during curing. Dis- 
persion concentrates up to 60 per cent by weight can 
be easily maintained, it was stated. Ultimate cost of this 
type of material is expected to be but little if at all 
higher than the cost of the granular polymer, while its 
application advantages as compared with the granulaf 
polymer are said to be considerable. Teflon resins here 
tofore have been difficult to fabricate, and this has lim- 
ited their use despite their unusual properties of ex- 
treme resistance to chemical corrosion; heat resistance 
at elevated temperatures (200 to 300 C depending on the 
conditions related to the particular application) ; and 
exceptionally low electrical loss characteristics, as well 
as high volume and surface resistivities. 

Several promising fields of application were explored 
by Dr. Perkins. These are as follows: 


Chemical-resistant finishes for equipment exposed 
to chemically corrosive atmospheres (electric motors 
would be a possibility). 

Magnet wire enamels, which could be coated at a 
rate of about 50 ft per min on standard wire-coating 
machinery. 

Compounds for extruding heavier insulation on wires 
at rates of 20 ft per min and faster, as against the 
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Table I—Properties of High-Temperature Built-Up Mica Plate* 


Water Absorption 


Thickness, Per cent initial moisture 


Per cent water absorption 
(after 24 hr in water at 105 C) 


Dr. Perkins emphasized that in 
terms of design considerations this 
meant that Teflon insulation must 
be used in such a fashion that it is 
not exposed to corona. Without 





Sample mm. (after 1 hr at 105 C) corona, an insulation system can be 
cS. 007. 2.20 designed for an indefinitely long life. 
2 0.010 0.10 | 9.17 This absence of corona is taken care 

3 0.010 +. a of automatically in low-voltage 

1 0.015 0.06 2.21 equipment where mechanical re- 

9 0.015 0.05 6.98 quirements dictate insulation thick- 
aor oe a nesses such that very low voltage 

| 0.030 0.32 9.21 gradients are present. Teflon can be 

; : pi eo i used with high-voltage gradients if 


Dielectric Strength 


Thickness, **As received,” 


After 3 hr at 260 C, 


a construction is followed which pre- 
vents corona formation. 
It was also pointed out that the 








tuils valba/aail volts /mil problem of corona is common to 
‘ ere | —— other insulating materials as well. 
10 = — Tests on polymonochlorotrifluoro- 
- 738 634 ethylene and copolymers of tetra- 


Dielectric Constant and Power Factor 


fluoroethylene and monochlorotri- 
fluoroethylene show that no signifi- 
cant difference was found among 





Frequency ‘ 
oo a co materials of any of these molecular 
as 5 echiipeannesane tien snail structures in their corona resistance. 
Dielectric constant -o =a o Various other insulating materials 
ower factor, per cent 42 2 oe 


| 


4 Source: Chester L. Dawes, Harvard University, and W. R. Mansfield, New England Mica Company. 
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much slower rate of about 6 ft per hr that is now 
necessary in extruding compounds from the granular- 
type material. (Special lubricated suspensoid com- 
pounds are used for wire extrusions. ) 
4, Unsupported film with improved properties and 
thinner gages than now are available ; including glass- 
fiber treated film and fabric. 
Glass laminates built up from Tetlon suspensoid- 
coated sheets. (Slot liners are indicated as a typical 
application from such laminates. ) 


cst 


In general, it was noted, that the main applications for 
Teflon, both in the older granular form and in the 
suspensoid form, lie in the field of electrical insulation. 

A second feature of the paper was a report on an 
extensive du Pont research program which had for its 
objective a study of the behavior of Teflon in an electric 
held, the conditions under which it can be made to 
fail, and the mechanism of such failure. The project 
covered both the granular polymer and the newer 
suspensoid material. 

A voltage-time relationship (Fig. 1) established for 
a power electrode setup reveals that the resulting curve 
contains two distinct parts: first the usual rapid fall and 
the leveling off at the “asymptotic breakdown value” 
and then another steep drop and a lower asymptotic 
value. This second drop was found to have a simple 
explanation. The electrical failure was caused by a me- 
chanical erosion of the Teflon surface caused by a bom- 
bardment by high-energy gaseous ion particles. These 
particles gain their energy in the corona discharge. It 
was shown quite definitely that the mechanism of failure 
did not involve oxidation or any other chemical process 
nor was it due to ultraviolet radiation. 
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show similar results. (See Fig. 2.) 
To underscore the point that new 
developments occur in time-honored 
dielectric materials as well as in 
completely new ones, there were two papers on a mate- 
rial so well known as mica: A discussion on “Bonded- 
Mica Plate for High-Temperature Applications” by C. 
L. Dawes, Harvard University and W. R. Mansfield, 
New England Mica Company, and an exposition of the 
manufacturing methods and properties of “Integrated 
Mica” by M. D. Heyman, Integrated Mica Corp. 

In the first paper, presented by Prof. Dawes, the 
essential properties that have established mica as an 
insulating material were first reviewed. These are the 
extremely high insulation resistance and _ dielectric 
strength, lower power factor, resistance to changes 
in temperature up to ted heat (650-875 C), complete 
resistance to the action of water and of oils, and the 
fact that mica is tough and flexible and may be readily 
cut, punched and fabricated. Major part of the paper 
was devoted to a description of the characteristics and 
manufacturing processes of high-heat mica plate. Prof. 
Dawes pointed out that, except for those who are 
active in this field, comparatively little is known about 
the properties of this type of mica insulation, which is 
becoming increasingly necessary in the design of heat- 
ing appliances, such as toasters and flatirons that re- 
quire a mica plate able to withstand a red-hot tem- 
perature. 

While raw mica would be ideal for most high-tem- 
perature applications, the cost of pieces large enough 
to be of use is prohibitive and the available supply 
could meet only a small portion of the demand. This 
had led to the development of a high-heat plate em- 
ploying an inorganic binder consisting of chemical 
compounds having a fluxing point not far below the 
dehydrating temperature of the mica. The plate is ini- 
tially constructed like the low-temperature plate; and 
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after the binder is removed in a vacuum oven, the 
“green” plate is brought to a temperature sufficient to 
flux the binder, and then compressed and cooled under 
high pressure.* ° 

Several conditions must be met by the finished plate: 
Hardness, a high degree of integration, close thickness 
tolerances, durability, resistance to water absorption, 
and high insulation resistance both at high temperature 
and at high humidity. There are few chemical com- 
pounds which have the required fluxing temperature 
near 500-600 C, and of these only a small proportion 
have the adhesive and other properties which warrant 
their consideration as a binder. One binder may pro- 
duce an excellent plate mechanically but have high 
electrolytic conductance and low leakage resistance at 
high humidity. Another may have low electrolytic 
conductance but also it may be highly hygroscopic, and 
accordingly the plate will have short-time durability. 
Only by conducting extensive research with different 
combinations of several chemical compounds has it 
been possible to produce a plate which meets require- 
ments. 


Importance of Binder 


A review of some design problems served to indicate 
the importance of a suitable inorganic binder that 
remains in the solid or nonflux state until the tem- 
perature is almost at the disintegrating limit of the 
mica. Although the average temperature to which 
the mica insulation is subjected in actual use may be 
substantially below the melting point of the binder, the 
resistor wires usually operate at a red-hot temperature 
well above this point thus creating local hot spots where 
the wires come in contact with the insulation. Certain 
local areas of the plate will then become conducting 
and produce leakage currents between sections of the 
resistor wire. It was also brought out that many 
appliances are frequently subjected to high-voltage tests 
at temperatures above those of normal operation, and 
under such conditions electrolytically conductive areas 
become sources of dielectric weakness. 

Fig. 4, which gives the resistance of two different 
mica plates as a function of temperature, shows how 
rapidly the resistance drops with increase in tem- 
perature and the two curves show the increase in 
resistance which has been brought about by the im- 
provement in binder. The plate must meet the rigor- 
ous test of being subjected to an atmosphere of 
85 + 5 per cent relative humidity at 85 + 5 F for 24 
hr and then tested for leakage current. In Fig. 3 are 
ten curves which show consecutively the progress 
which has been made in reducing leakage current by 
improvements in the binder and manufacturing tech- 
nique. Table I gives the water absorption, the dielec- 
tric strength, the dielectric constant and the power 
factor of this type of plate. Dielectric constant 
(3.87 — 4.16) is about one-half of that of natural 
mica — 7.2. : 

The process of manufacturing “integrated mica,” as 


* Electrical mica plate is built up from very thin laminae (0.0006 to 
0.0013 in.) that are split from so-called mica “blocks” found in nature. 
Process of building up mica plate is to distribute these laminae in layers as 
uniformly as possible, at the same time applying a binder. For low-tempera- 
ture applications such as insulation for commutators and for electrical wind- 
ings, organic binders such as shellac and synthetic resins of the phenolic 
and alkyd types are in common use. 

5 See “Mica—A Review of Design Factors,” George C. Heinrich, Decem- 
ber 1947 ELectric MANUFACTURING, p. 82. 
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Fig. 3 (Above)—Progressive improvements in nature of 
binder and in manufacturing techniques decrease current 
leakage of high-heat mica plate under humidity condi- 
tions. Curves Nos. 1 to 4 inclusive represent tests on some 
earlier plates, and already show decrease in leakage cur- 
rent. A marked change in binder composition and intro- 
duction of new manufacturing techniques resulted in the 


developed by Mr. Heyman, is essentially based on a 
unique characteristic of split mica surfaces—their capac- 
ity for retaining their nascent quality or natural 
cohesiveness. Practically everyone has had the experi- 
ence of splitting a piece of mica and then sticking 
the flakes together without any binder. By developing 
suitable machinery this natural phenomenon could be 
translated into a manufacturing process applicable to 
literally millions of flakes of mica until continuous 
sheets of built-up or “integrated” mica are processed. 

For the raw material this method utilizes mica scrap 
found in pegmatites, which is cheap and abundant im 
this country. (This point was stressed since most of 
the natural block mica comes from India.) The mica- 
bearing rock is crushed and the mica naturally found in 
it is separated. It is then passed through disintegrating 
machines where distilled water at a pressure of about 
500 psi acts as the disintegrating force and _ splits 
the mica into tiny flakes with a maximum thickness 
of the order of 3 or 4 microns. After it leaves the 
disintegrating machines the liquid containing these 
flakes is “classified” through an ingenious sequence 
of operations and the mica flakes are then processed 
into continuous sheets without the use of any binders 
whatsoever. According to Mr. Heyman, continuous 
rolls of 250 ft are possible, slit to widths as may be 
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greatly improved plates with the characteristics of 
Curves Nos. 5 to 8 inclusive (below the dotted line). Note 
that at the 24-hr point, the leakage current for No. 8 is 
only one-sixtieth of that for No. 1. Fig. 4 (Above)— 
Insulation resistance performance with rising tempera- 
ture is consistently improved in the newer types of high- 
heat mica plate. (Source: C. L. Dawes, W. R. Mansfield.) 


desired. It is important to note that at no time is the 
mica subjected to a grinding operation, since this would 
destroy the cohesiveness. At the present time the 
process is still in the pilot plant stage. 

Integrated mica, according to Mr. Heyman, has 
better heat resistance than natural mica, since it will 
not exfoliate under elevated temperatures. However, 
it may be excessively hygroscopic owing to its random 
structure. To overcome this defect, it may be impreg- 
nated with silicone resin, although this would obviously 
influence the cost. 

An interesting combination of materials was dis- 
cussed by Edward B. Baker, The Dow Chemical Com- 
pany, in his paper, “Dielectric Properties of Mixtures 
of Powdered Metal and Polystyrene.” The mixtures 
were made by milling into polystyrene suitably pow- 
dered copper, magnesium, aluminum, and a_non- 
tarnishing magnesium-aluminum alloy. These mixtures 
were found to have a wide variety of dielectric behavior. 

Dr. Baker presented a mathematical explanation of 
this behavior on the basis of the Maxwell-Wagner- 
Sillars* theory with the additional hypothesis of par- 
ticle-particle contact of varying resistance dependent 
upon the nature of the oxide coating on the particles. 





bs, R. W. Sillars, Journal Institution of Electrical Engineers (British), 
Vol. 80, No. 378 (1936). 
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Fig. 5—Dielectric constant of pure lead zirconate at vary- 

ing temperatures. Fig. 6—Dielectric constant of barium 

and lead zirconate compositions at varying temperatures. 
(Source: General Electric Company.) 


In essence, according to the “MWS” theory, interfacial 
dispersion of spherical or spheroidal particles will 
occur at a frequency derived from a mathematical 
formula that has the following elements: particle con- 
ductivity in mho—cm, the particle dielectric constant, 
the dielectric constant of the medium, and a particle 
shape factor (with the base set for spheres). With a 
reasonable value for the particle dielectric constant, 
this leads to a frequency of 10'* cps for the metal par- 
ticles. An optimum range of contact resistance is 
necessary since high enough contact resistance corre- 
sponds to particle isolation. Results for magnesium, 
for instance, indicate no dispersion up to 100 mc with 
the per cent power factor less than 0.10 throughout, 
even for 50 per cent by weight (38 per cent by volume). 
(Continued on page 170) 















W. A. WILLIAMS 
Chief Engineer 
The American Pulley Company 


N THIS age of close competition, high production, 
high labor costs, and increasing demands for high- 
er quality, it is necessary for a user to get the 

greatest production out of each machine commensurate 
with the quality necessary to maintain sales. In other 
words the optimum operating speed must be found on 
the job; it cannot be preset by the machine designer. 
When the machines are not equipped with infinitely 
variable drives, optimum speeds are arrived at by speed 
changes in finite steps—usually in increments of from 
10 to 20 per cent. If the optimum operating speed of 
the machine is between one of the available speed set- 
tings, a loss in productivity or quality is inevitable. If 
the speed is set too high the quality level or tool life 
will be poor, and will force operation at the next lower 
speed for satisfactory quality or tool life but with higher 
cost. Obviously the only way to obtain the optimum or 
best operating speed for the machine is to equip it with 
a type of variable-speed drive that permits adjusting the 
speed in infinite steps. 

An example of the use of variable-speed drives to 
obtain optimum output is found in textile machinery 
where it is becoming common practice to employ sta- 
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Fig. 1—Lower portion of each pulley face is slotted to 
permit sheave to close up and thus provide a wider range 
of speed variation. This Reeves drive uses a standard 
V-belt and speed adjustment is obtained by changing 
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Variable speed drives using 





center distance. Fig. 2—Limitations on minimum operat- 
ing diameter for a standard V-belt section (above) restricts 
adjusting range. Special wide belts (below) give needed 
longitudinal flexibility to operate over small diameters 





tionary-control adjustable-diameter sheaves to drive 
spinning frames. In the process of ring spinning, top 
speed is limited by tension created in the yarn by centrif- 
ugal forces in the balloon formed between thread guide 
and ring. When the speed is too high, the yarn breaks 
reducing both the output and quality level of the yarn. 
Various types of yarn require different speeds and it 
often requires much experimentation to find just the 
right speed for a new blend. 

Another example of increased production as a result 
of variable speed was reported by one manufacturer 
who got a 15-per cent boost in productivity from a 
power press by slowing it down. When presses are 
hand fed it is necessary for the operator to trip the press 
sach time a piece is put in the die. Sometimes the op- 
erator can “run the press,’ that is, keep the clutch 
engaged and let the ram operate continuously, feeding 
the new piece into the die during the up-stroke of the 
ram while the piece just formed is ejected by air or 
other means. Obviously an operator can “run the press” 
only when there is sufficient time between strokes to 
safely place the work into the die, and often the safe 
speed is just below the normal operating speed of the 
press. Finding just the right speed can only be accom- 
plished practically with an infinitely variable drive. 

The most economical variable-speed equipment ob- 
tainable today, particularly in the range below 7% hp, 
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involves the use of V-belts. A wide variety of belts 
and sheaves is available to suit almost any need. Beside 
the standard belts A, B, C, D, and E, there are over 30 
special belt sections wider or thinner than standard 
belts and designed specifically for use in variable-speed 
equipment. Standard belts cost less than special belts, 
and are obtainable from stock in a wide range of lengths. 
From the viewpoint of availability and cost standard 
belts have much to recommend them, but there are some 
situations which require special belt sections. 

Degree of speed variation obtainable from a drive is 
a function of belt width, groove angle, and whether 
groove faces of the adjustable sheave are continuous 
or interrupted. A typical interrupted-face sheave, shown 
in Fig. 1, uses a standard V-belt such as the top one 
in Fig. 2. This sheave achieves a large speed variation 
since the lower portion of pulley faces is slotted to per- 
mit further closing together of flanges, and thus to per- 
mit a larger ratio between maximum and minimum pitch 
diameter. 

Interrupted-face sheaves have the advantage of em- 
ploying standard belts, and standard single-groove com- 
panion sheaves. This advantage is offset by a reduction 
in belt life or load rating (or both) since the area of 
contact between belt and flange is reduced to less than 
half, and in addition lateral bending is imposed on the 
belt. This effect is particularly noticeable at minimum 


Fig. 3/|| Fig. 4 





and yet resist squeezing action of sheave walls. Fig. 3— 
Single and double-sheave adjustable diameter pulleys for 
light duty drives; setscrew is released and outer flange 
is rotated on threaded hub to change adjustment. Fig. 4— 


JANUARY 1950 


When adjustment to optimum operating speed is 
desirable in service, the types of built-in drives 


reviewed here provide one widely used answer. 


Stationary-control adjustable diameter pulleys made _ by 
Allis-Chalmers for integral-hp drives. Here is a typical 
application on a 10-hp 1150-rpm motor drive for a pipe- 
threading machine made by Williams Tool Co. 




























diameter where the belt is subjected to most flexure 
and most slippage. Standard belts are designed to op- 
erate at certain minimum diameters, and it is almost im- 
possible to stay within these minimums and obtain a 
high ratio of speed variation. However, reduced belt 
life resulting from higher sidewall wear and increased 
flexing due to lateral bending is often more than offset 
by the lower cost of standard belts as compared with 
wide belts; therefore, the user suffers only from the 
inconvenience of having to change belts more often. 
But where noise is a vital consideration, interrupted- 
face sheaves are not recommended. 

To obtain a high speed-variation ratio with smooth- 
faced sheaves, a wide belt is necessary. The “grand- 
daddy” of all wide V-belts is the block-type belt which 
is limited to operation at a relatively low belt velocity 
because of the weight of the blocks. For high-speed 
operation on sheaves directly connected to a motor the 
one-piece wide V-belt, such as the bottom one in 
Fig. 2, has been developed. Wide belts must be designed 
to resist the tendency to buckle from sidewall pressure 
and from tension of the center cords. Various construc- 
tions have been developed to resist squeezing action of 
the sheave walls, and yet provide for the high degree of 
longitudinal flexibility needed to permit operation over 
a small diameter. 

Stationary-control adjustable-diameter sheaves can be 
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FIG. 5 
American Pulley Co. Fig. 6—Love- 
both flanges axially to maintain belt joy spring-actuated sheave with a 
wide belt, for drives from %& to 7% 
hp, provides a speed range up to 


Fig. 5—Double-threaded ring shifts 


alignment as pitch is adjusted on this 
stationary-control sheave made by 


adjusted only while the drive is not in operation. With 
this type of sheave it is necessary to stop the motor, 
adjust the motor base forward until the belts can be 
removed from the sheave, and then adjust the sheave 
by releasing its locking mechanism and making the 
adjustment by whatever means have been provided. 
Various means are available for determining what speed 
will be obtained with a given adjustment, such as a 
calibrated-screw indication on the adjusting ring or the 
simple expedient of measuring the width at the top of 
the groove and referring to a chart giving driven speed 
for various sizes of driven sheaves. 

This type of sheave is most suitable where relatively 
infrequent speed changes are required. The most popu- 
lar applications for this type of sheaves are in textile 
and air conditioning equipment. There are many other 
applications where, once the optimum speed has been 
selected, it is seldom necessary to change it thereafter. 
This type of sheave is the lowest cost variable-speed 
drive available and is therefore preferred where cost is 
important and control in motion is not essential. 

These sheaves have the distinct advantage of being 
more like standard V-groove sheaves in regard to con- 
stancy of speed as the load increases. Unlike the spring- 
loaded adjustable sheave, stationary-control sheaves give 
no more than 1 to 2 per cent drop in speed from no 
load to full load, and do not appreciably change speed 
setting as belts stretch or wear. Standard-belt adjustable 
sheaves, however, provide a relatively small speed vari- 
ation—between 20 and 50 per cent depending upon 
sheave diameter and belt size. When special wide belts 
are used, a variation of approximately 100 per cent is 


FIG. 7 

3-to-1; adjustment is obtained by 
changing center distance. Fig. 7— 
Similar drive made by Reeves. Note 
both take flat-face driven pulleys. 


obtainable. Sheaves employing standard belts are of 
course the lowest in cost for the power delivered and 
are preferable unless a wide range of speed variation 
is required. 

Depending upon the number of grooves in the drive, 
standard companion sheaves can be used with adjust- 
able-diameter sheaves even though the belts are closer 
together on the fixed sheave than on the adjustable one. 
Limits have been set up for the minimum center dis- 
tance that can be allowed for the various numbers of 
grooves and sizes of belt employed in drives when 
standard sheaves are utilized with adjustable diameter 
motor sheaves. Longest belt life is obtained when special 
companion sheaves are employed having the same groove 
spacing as the adjustable diameter motor sheave. All 
standard-belt and special-belt stationary-control adjust- 
able sheaves are made with uninterrupted groove faces 
primarily because they are intended for standard duty ap- 
plications in which long belt life and normal power 
capacities are expected. 

Typical single-groove and two-groove fhp adjustable- 
diameter sheaves are shown in Fig. 3. These sheaves 
are adjusted by turning the outer flange on the threaded 
hub on which it is mounted. Obviously these sheaves 
cannot be adjusted with the belt in the groove and ad- 
justments obtainable are not altogether infinite in vari- 
ation because the setscrew which holds the adjustable 
flange must seat on one of two flats which are 180 deg 
apart. However, the steps are close enough together 
so the sheave for all practical purposes can be called 
infinitely variable. This is the most popular type of fhp 
adjustable sheave, although among several other types 
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available some provide continuous variation in adjust- 
ment and have other special features. 

Adjustable-diameter sheaves for integral-hp drives, 
shown in Fig. 4, are available in sizes from 2.9 in. to 4 
in. pitch diameter for A belts, up to 20 in. to 23.75 in. 
for E belts. Space does not permit a complete listing of 
all the sizes in this range, but it is so complete that it 
covers a sheave for almost any purpose. In this type of 
sheave only one flange is adjustable and therefore be- 
tween maximum pitch diameter and minimum there is 
a lateral shifting of the belts which naturally results 
in misalignment of the belt unless the motor is shifted 
sideways when adjustments are made. On long-center- 
distance applications the amount of belt wear is slight 
but on short-center drives it can be appreciable. 

Another type of standard-belt stationary-control ad- 
justable sheave, shown in Fig. 5, employs a double- 
threaded adjusting ring to move both flanges axially 
and maintain belt alignment regardless of the adjust- 
ment. This sheave also embodies a tapered bushing act- 
ing with a companion tapered member in the outboard 
end of the sheave to expand the sleeve on which the 
adjusting flanges are mounted. In this type the sheave 
is completely locked during operation and is free from 
the fretting corrosion and wear usually associated with 
an adjustable sheave. 

When a larger speed variation is required than can 
be obtained with the standard belts, adjustable-diameter 
stationary-control sheaves are available utilizing either 
the 1% in. Q belt or the 1% ¢ in. top width R belt giv- 
ing a speed variation of approximately 2-to-1. This 
speed variation has been found to be adequate for a 
large number of applications, and because of the power 
range available these sheaves have filled a definite need. 
Sheaves with R grooves are available for motors up to 
25 hp and with Q grooves up to 15 hp. 


Motion Control Sheaves 


Motion-control sheaves can be adjusted while run- 
ning. Sheaves of this type are manufactured in three 
general types, each having particular merits as well as 


Fig. 8 (Below)—Rack and pinion construction in the Gerbing spring- 
actuated pulley equalizes movement of flanges to maintain belt 
centerline as ratio is changed. Fig. 9 (Right)—Both sheaves are 
spring actuated in pulley designed by Equipment Engineering Co. 
Cams in covers bear on plastics flanges to take most of belt load. 


VARIABLE SPEED BELT 


OUTER DISC 
INNER DISC 


MZ ASSSNREEEEERS 


N 
PFA ISS SSS SSS SY 


END CAP PIN 


7, 
ede ok 


71 
maid NN 
AERA a eS SID fil S 


SINS a 


OUTER DISC KEY 


CAP SCREWS 


JANUARY 1950 





limitations, depending on the job to be performed: 

1. Mechanically adjusted to control both pitch diameter 
and center distance between sheaves. 

2. Flanges spring actuated to control pitch diameter, 
with adjustment for speed made by manually con- 
trolling center distance between motor sheaves and 
driver sheave. 

3. Jack-shaft type with two V-grooves, one increasing 
while the other decreases to hold center distance 
between motor sheave and driven sheave constant ; 
shift of jack-shaft position changes the ratio. 

Mechanically adjusted sheaves are generally similar 
to stationary-control adjustable-diameter sheaves but 
are equipped with a thrust bearing on the adjusting 
screw so adjustment can be made while the unit is ro- 
tating. They have the advantage of precise speed con- 
trol that generally stays put and there is little speed 
variation with changes in load. Sheaves of this type can 
be used singly or in pairs. When a fairly wide range 
of adjustment is required two sheaves can be used, 
one on the motor and one on the driven shaft with a 
chain between the two adjusting rings so one is de- 
creased as the other is increased. This arrangement 
maintains constant center distance while providing speed 
variation. Such sheaves are available in multiple groove 
sizes for A, B, C, D and E-section belts and provide a 
speed variation of approximately 25 per cent. Single 
motion-control sheaves must be used in conjunction with 
a special motor base connected to the adjusting ring on 
the sheave to automatically change center distance as 
pitch diameter of the sheave is changed. 

Cost of stationary control sheaves is many times that 
of standard fixed-pitch sheaves ; when the added cost of 
motion control is considered the expense often is not 
justified unless the application is of a special nature re- 
quiring frequent changes and precise adjustment. 

A typical spring-loaded adjustable-pitch sheave actu- 
ated by changing center distance is illustrated in Fig. 
6. Such sheaves are made in several different mechanical 
types in capacities from ¥% up to 7% hp. They provide 
a speed range from 2-to-1 up to 3-to-1. The power 
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Editorial Index for 1949 


Feature articles, editorials and earticles in 
Design Trends and Transients appearing in 
ELECTRICAL MANUFACTURING through 1949, 
including volumes 43 and 44, are listed in an 
index now available upon request to the Editor. 

Articles are listed both under title and sub- 
ject headings in a general alphabetical index; 
all items appearing in Design Trends and Tran- 
sients are separately listed by titles, with cross 
references in the general index for longer 
articles in this section. All contributed articles 
are separately listed in an author index, al- 
phabetically by author and including the title 
of the article. 

Wherever copies of the 1949 issues are 
preserved this index will aid in using the pub- 
lication for reference purposes. Copies of in- 
dexes for earlier years back to 1945 are also 
still available. 


rating is somewhat ambiguous because it applies only 
when the sheave is running at maximum pitch diameter. 
Torque rating remains constant but the drive is not 
capable of transmitting full motor power at minimum 
pitch diameter and the drive will slip, resulting in a 
burned up belt, if torque on the driven machine increases 
beyond its normal value. 

With this type of drive there is considerable varia- 
tion in driven speed with changes in load due to the 
spring-loaded design but this variation is not a serious 
drawback in most applications for which this type of 
sheave is intended. These sheaves are made with an in- 
cluded angle between 22 and 30 deg. Sheaves made with 
a 22 deg angle provide a higher speed ratio for a given 
belt width but may have a shorter belt life and a greater 
variation in speed with changes in load. 

Spring-loaded sheaves are made in at least five differ- 


Fig. 10—Ratio is automatically ad- 
justed to deliver constant torque in 
this Salisbury drive which also in- 


corporates a centrifugal clutch en- 
gaging and disengaging at a preset 
speed. Fig. 11 (Right)—DoAll jack- 


ent types with varying methods employed to avoid the 
inherent sources of trouble associated with motion-con- 
trol sheaves. These troubles generally arise from the 


‘wear that occurs between the adjustable flanges and hub 


on which the flanges slide. To be sure that they will 
slide it is necessary to provide some clearance between 
flange and hub. Since the external load on the sheave is 
always coming from a constant direction and the sheave 
is rotating under this belt load, the flange is constantly 
rolling on the hub and any clearance between flange 
and hub is constantly changing position. This results in 
wear on the key or impact abrasion or fretting corrosion 
between flange and hub. Obviously smaller clearance 
between flange and hub will reduce wear but increase 
the liability of freeze-up if even a small amount of wear 
does occur. Usual means of overcoming this difficulty is 
to make the hub length of the moving flanges as long as 
possible and the clearance between the hub and the 
flange as small as possible with provision for grease 
lubrication as a means of keeping the parts from metal- 
to-metal contact. If adequate grease is maintained be- 
tween the two surfaces, abrasion cannot occur. Other 
means employed are to chrome plate the hub member to 
increase its resistance to wear, and to spline the hub and 
flange bore. 

In the type shown in Fig. 7, only one flange moves; 
thus, the belt moves laterally as the diameter increases 
from minimum to maximum and, since wide belts are 
generally employed, it is necessary to use a flat driven 
pulley with sheaves of this type. To permit the use of 
\-groove driven sheaves, two types of variable sheaves 
have been developed. One has two flanges actuated by 
independent spring loading so the centering action is 
obtained by the tendency of off-center movement to 
increase the loading on one spring and decrease it on the 
other. A second type illustrated in cross-section in Fig. 
8 employs only one spring but uses a rack and pinion 
arrangement to mechanically adjust the center position 
of the belt. Another sheave accomplishes the same result 
by using a center-mounted link. In still another type, 
shown in Fig. 9, double-actuated flange faces are inter- 
rupted so as to permit use of a standard belt. This 

(Continued on page 186) 


shaft sheave using two standard V- 
belts, changes ratios without chang- 
ing center distance of drive. 
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HOW SMALL CAN A Moror cur... 


Application engineers seeking smaller sizes must take into 
account certain fundamental considerations regarding effi- 
ciency, iron and copper losses, improvements in materials 


PPLICATION of electrical drives to machines is 
often accompanied by a considerable pressure to 
reduce the size of the components to a minimum. 

To the ultimate buyer, floor space is costly; therefore 

machinery should be compactly designed. And along 

toward the end of this chain of demand the designer 
sometimes finds that there is hardly room for the motor. 

Later, some customer will want a 15-hp motor instead 

of, for example, the standard 10-hp motor around 

which the machine was designed. This causes more 
trouble in the engineering department than the original 
design in its entirety. Hence it occurs to the applica- 
tion engineer that perhaps he could get a bigger power 
package in the same space. Over the years, this trend 
has definitely been confirmed.* But there is a limit 
imposed on all electrical machinery—namely the heat 
generated due to losses (see also “Improved Cooling of 

Electrical Devices” beginning on page 70 of this issue). 

In any electrical machine, losses are composed of a 
constant component and a variable component. Fixed 
losses are (1) mechanical, such as bearing friction and 
windage, and (2) electrical, such as eddy-current and 
magnetization losses in the iron. Variable or copper 
losses depend on the load on the machine and are pro- 
portional to the square of the electrical current. For 
practical purposes, variable losses may be assumed to 
vary as the square of the total input to the machine. 
From these considerations, mathematical formulas for 
efficiency and output of a general electrical machine may 
be set up and vector diagrams constructed until the 
basic factors might well be lost in a maze of mathe- 
matics. 

The purpose of this article is to point out a few 
fundamental considerations in general terms rather 
than in mathematical concepts. These thoughts may 
serve to acquaint users of electrical machinery with 
the reasons for the size requirements; and they may 
also point out some new approaches for electrical 
designers. 

The operating characteristics of an electrical machine 
are depicted in Fig. 1. This set of performance curves 


hy See “History of Development and Application of the Electric Motor,” 
ELECTRICAL MANUFACTURING, May 1949, p. 76-89. 
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and manufacturing methods—all related to economic factors. 


R. S. ELBERTY 


Consulting Engineer 





is based on two assumptions, (1) that the fixed losses 
are 10 per cent, and (2) that the maximum efficiency 
is obtained at 80 per cent of full-load rating. Except 
for minor variations, this performance curve might be 
typical of almost any electrial machine, generator or 
motor, alternating or direct current. An examination 
of Fig. 1 shows two very interesting and important con- 
ditions that apply in general to electrical machines, 
transformers, generators, motors, even electron tubes. 
These are fundamental characteristics and they should 
be considered for an understanding of electrical ma- 
chinery. 

The first condition is that the maximum efficiency of 





100 150 
Output, per cent 





Fig. 1—General operating characteristics of electrical 
machines. These curves establish basie relationships be- 
tween efficiency and fixed and variable (copper) losses. 
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an electrical machine occurs when the variable losses 
are equal to the fixed losses. In the hypothetical ex- 
ample shown in Fig. 1, the maximum efficiency is 80 
per cent. It occurs at the point where the copper-loss 
curve crosses the fixed-loss line at 80 per cent of full- 
load rating as originally assumed. Obviously, the maxi- 
mum efficiency of an electrical machine is determined 
by the fixed losses and increased efficiency cannot be 
obtained without reducing these losses. The effect of 
fixed losses on maximum efficiency might work out 
something like this: 


Fixed losses Maximum efficiency 


2 per cent 96 per cent 
5 ee ee 90 ee ee 
10 oe oe 80 ee iT) 
15 ee ee 70 ee ee 


The maximum output of an electrical machine occurs 
when the variable losses are one-half of the input and 
at this point the efficiency is less than 50 per cent. 
Overload capacity of electrical machinery is therefore 
limited by the amount of copper in the machine and in 
the example shown a maximum output of 240 per cent 
can be obtained. At this point, the effect of the fixed 
losses is relatively small and might be neglected tem- 
porarily to get at another general statement, the second 
one: The maximum output of an electrical machine is 
directly proportional to the amount of copper in the 
machine. 


Efficiency and Heating of Electric Motors 


Proceeding with such considerations, we might apply 
the characteristics shown in Fig. 1 to an analysis of an 
a-c induction motor. Suppose that the motor is to be 
used in a hot location and it is desirable to reduce the 
losses of the motor in order to lower the operating 
temperature. The magnetic material in the motor 
might well be 24-gage dynamo grade electrical sheets 
worked at 90 K-lines per square inch maximum. From 
core loss figures generally available let us compare 
this steel with better magnetic materials, such as a 
transformer grade. 





Sheet Gage Flux density Core loss 

Grade No. Lines/sq. in. Watts/Ib 
Dynamo 24 90,000 2.8 
Transformer 29 90,000 1.3 


Substitution of better magnetic material will increase 
the efficiency of the machine and at an 80 per cent rms 
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Confronted limited 


space, what can the machine 


with 











designer expect in the way of 
more compact motors? The 
author brings out two major 
considerations relating to 
efficiency and losses that gov- 


ern size. 









load will reduce the motor heating by one-third. At 
100 per cent rms load, substitution of the better steel 
will reduce the motor heating by 20 per cent. If previ- 
ously the motor ran a 40 C rise at full load, it will 
now operate at a 32 C rise. The motor can now 
carry a 15 per cent overload with a temperature rise of 
40 C. Hence the substitution of a magnetic material 
that is twice as good as the original material (from the 
standpoint of losses) may produce 15 per cent better 
motor performance. Core plating of the laminations 
may enable a further improvement to be obtained de- 
pending on the manufacture of the original motor. 
With motor manufacturing as it is carried on today, a 
substitution of magnetic materials as indicated would 
be an extremely difficult accomplishment. Most manu- 
facturers would call it “impossible.” 

To reduce copper losses, heavier wire might be used 
in winding a motor. An increase of one wire size in the 
motor under consideration will add 26 per cent more 
copper, reducing the resistance and copper losses 20 
per cent. This would result in a reduction in motor 
heating of 10 per cent at 80 per cent rms load and 
12% per cent at 100 per cent rms load. The motor 
would now carry 12% per cent overload with a 40 C 
temperature rise. 
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Fig. 2—Typical no-load magnetization curve of motors 
and generators (a loss factor). Air-gap line represents 
that part of energy required to magnetize the air gap. 
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Fig. 3—Stator lamination of a commercial type induction 
motor is shown at top. At bottom is stator punching 
for a special motor which is the approximately mag- 
netic equivalent of the larger punching. 


Of course, motor windings vary. Electrical designers 
know full well the difficulty of putting tight windings 
through the shop. But particularly in the small motor 
(S hp or less) there might be a good possibility that 
the wire size can be increased. 

To summarize, by a complete disregard of cost, the 
output of a motor might be increased 15 per cent by 
iron changes and 12% per cent by copper changes with- 
out any added tooling costs. So, a total improvement 
by means of both changes might amount to 25 per cent 
at most. 


Magnetization of an Electrical Machine 


The current required to magnetize an electric ma- 
chine represents a loss and the saturation of the iron 
in the magnetic circuit limits the output of electrical 
machinery. Fig. 2 represents a saturation curve which 
may be considered typical of the no-load magnetization 
of generators and motors both a-c and d-c. A line drawn 
tangential to the straight line portion of the curve 
represents that portion of the magnetization amperes 
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required to magnetize the air gap and hence this line 
is called the “air-gap line.” 

In Fig. 2 at 100 per cent voltage, 60 per cent of the 
magnetizing amperes are required to magnetize. the air 
gap and 40 per cent for magnetizing the iron in the 
magnetic circuit. Assuming that refinements in mechan- 
ical design will permit the air gap to be decreased to 
one-half the original design, this change will permit 
a reduction in magnetizing amperes of 30 per cent, 
moving the curve to the left a distance of 30 per cent. 
At 100 per cent amperes on this new curve, the voltage 
will now be 110 per cent. If the machine were an a-c 
induction motor, the output rating might be increased 
10 to 20 per cent depending on how a new stator wind- 
ing could be applied. 

While air gap sizes are now well established as a 
result of years of manufacturing and design experi- 
ence, there may be instances where an increased rigidity 
of design and precision machining will permit a reduc- 
tion in air gap length. In this connection, the writer 
has used an air gap of 0.005-0.006 in. on a 400-cycle 
machine operating at 12,000 rpm. This air gap seemed 
to be about the lower limit for electrical machines 
of this class. 

Should a special design permit reduction of air gap 
to the point where magnetizing amperes for the iron 
in the circuit are of major importance, then a redis- 
tribution of the iron and copper in the stator winding 
may further improve the magnetic circuit to a point 
where an improved rating for overall size might be 
obtained. 

Fig. 3 shows two punchings for comparison. The 
upper and larger one is for a %4-hp, 3-phase, 1800-rpm, 
60-cycle induction motor of a standard commercial 
type. The proportion of space between iron and copper 
is in line with what is usually considered standard 
practice in motor design. 

The lower stator lamination represents an extreme 
departure from this practice and shows a punching 
with a much greater proportion of iron to copper. In 
fact, the small punching is approximately a magnetic 
equivalent of the large punching. The division of iron 
and copper in an electrical machine involves a com- 
plicated study of somewhat limited interest and beyond 
the scope of this article. These examples are offered 
simply to show that a very wide variation is possible. 
If size is the important consideration as compared to 

(Continued on page 184) 


NEMA Publishes Revised Motor Standards 


New and completely revised edition of NEMA Standards 
for Motors and Generators, Publication No. MG1-1949, 
supersedes Publication No. 45-102. New edition is in loose- 
leaf binder form with tabbed separations; easy to insert 
future revisions. Older publication was bound and revisions, 
inserted between pages, resulted in an awkward book to 
handle because of the loose pages. 

First half of new book covers ratings, dimensions, tests 
and performance characteristics, frame assignments and ap- 
plication data for fractional and integral-horsepower motors 
rated 200 hp or less. Second half is devoted to definite pur- 
pose motors, integral-horsepower and synchronous motors, 
d-c generators, synchronous generators, high-frequency in- 
dustrial motors and motor-generator sets. Copies of stand- 
ard of 208 pages with automatic revision service are $5.75, 
from National Electrical Manufacturers Association, 155 
East 44th St., New York 17. 
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Commutation Measurement 


Indicating instruments when used for meas- 
uring commutation provide an accurate 
method of investigating effects of atmospheric 
conditions on brushes and machine per- 
formance. 


R. T. LUNDY 
Carbon Products Engineering Dept. 
General Electric Company 


EF: \R YEARS “black bands” have been used to com- 
pare the commutating ability of d-c machines and 
to set the brushes properly. A black band is defined as 
the current range through which commutating windings 
can be operated without producing sparking at the 
brush faces. Band width is usually taken at intervals 
from 25 to 150 per cent rated load. When developing 
new brushes it is necessary to have a fairly fast and 
accurate way of comparing commutating ability of vari- 
ous brushes. Conventional black band tests with vary- 
ing loads were first used for this purpose. It was 
thought, however, that changing the load to obtain these 
bands disturbed the commutator film, making it diffi- 
cult to duplicate results. Even when holding the load 
constant, results vary considerably with different ob- 
servers and with different light conditions. Other vari- 
ables which also affect commutation are atmospheric 
conditions (especially humidity), contaminated atmos- 
pheres, brush fit, end play of shaft, and commutator 
surface condition. 

In an effort to secure more consistent results, studies 
were made with an electronic voltmeter, a cathode-ray 
oscilloscope and a radio noise meter. Not all electronic 
voltmeters are suitable for this service due to a lack of 
sensitivity at high frequencies. Meters with a frequency 





Fig. 1—Standing voltage wave on cathode-ray oscillo- 

scope indicates quality of commutation. High peaks 

occur at slot frequency and the sharp points at top and 

bottom are due to sparks as brush leaves a commutator 
bar before current is reduced to zero. 


Ge 


error of less than 1 per cent between 20 cycles and 50 
me give best results. Voltmeter is connected across the 
positive and negative studs and therefore has to stand 
the full d-c voltage of the generator. Voltage rating 
of the meter can be increased by using an external 
capacitor of the same size as internal input-capacitor 
with no effect other than raising the lower frequency 
limit from 20 to about 40 cycles. Specific instructions 
should be obtained for the instrument, however, when 
used on d-c voltages above scale reading. Tests were 
made with the shielded probe of the electronic volt- 
meter in the meter box and with unshielded connections 
between the voltmeter terminals and the machine. 

Most of the evaluation of commutating ability of var- 
ious brush grades was done on a motor rated at 230 
volts, 575 to 2300 rpm, 10 to 15 hp, 39 to 58 amp full 
load current. Machine was directly connected and driven 
as a generator by a similar motor, both being mounted 
on a rigid steel frame; a thrust bearing was installed to 
eliminate end play. Tests were all run at 1800 rpm and 
approximately 30 volts output. When first operated, 
equipment was located in a large room, but changes in 
atmospheric conditions were found to affect commuta- 
tion and the set was moved inside an altitude chamber 
where temperature could be held at 85 F and relative 
humidity at 35 per cent. Steel shell of the altitude 
chamber also was a good shield to eliminate interference 
when using the radio noise meter and the electronic 
voltmeter. The shield was not essential, however, as 
good bands have been obtained with an electronic volt- 
meter on a traction motor outside the chamber. 

New tests were started on a raw commutator with 
brushes sanded and seated to fit the commutator. Hourly 
readings, taken with the electronic voltmeter, were 
plotted against amperes buck and boost. Amperes buck 
or boost were changed in half ampere steps, starting at 
the middle of the band and going in the buck direction 
until a voltmeter reading of over 1.0 volt was obtained, 
then returning to the middle of the band and increasing 
the boost current to the same limit. From this family of 
curves taken each day, an average band width at one 
volt was obtained. (Comparison was made at one volt 
because the curve had definitely turned up and spark- 
ing was evident.) To carry the buck and boost current 
further caused excessive sparking which damaged the 
commutator film and then required considerable time 
to return to normal. 

A cathode-ray oscilloscope connected between one 
brush and a pencil probe about one half commutator bar 
from the trailing edge of the brush produced the stand- 
ing voltage wave shown in Fig. 1. High peaks oc- 
curred at a frequency of approximately 1260 per sec— 
calculated slot frequency. Minor peaks between were 
probably due to the three coils per slot in this machine. 
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Fig. 2—Values obtained using an electronic voltmeter 
and a radio noise meter plotted together indicate good 
similarity in readings between the two. 


Sharp points at top and bottom of wave were caused by 
sparks when brush leaves a commutator bar before cur- 
rent was reduced to zero. When oscilloscope was con- 
nected across brush studs, instead of from one brush 
to pencil probe, pattern was less sharply defined due to 
influence of all eight brushes, but slot frequency was 
still evident. 

Following this work an investigation of radio noise 
generation was made by taking readings with a radio 
noise meter connected across brushes at the frequencies 
from 0.16 to 20 mc. Readings showed a maximum dis- 
turbance at 0.35 mc, indicating the necessity of using 
an electronic voltmeter sensitive to high frequencies. 
For comparison of results with those obtained with the 
electronic voltmeter, the values obtained with the noise 
meter were plotted as shown in Fig. 2. Values are the 
summation of the readings taken at different frequen- 
cies, converted to an arbitrary scale. These curves are 
similar in shape and, as indicated, sparking started 
near the bend in the curves. 

Some precautions must be taken when using the in- 
dicating instrument as a commutation meter. Erron- 
eous results may be obtained if sparking occurs at the 
generator supplying buck and boost current, as disturb- 
ance will follow the wires to voltmeter. Also, if the 
machine is loaded by “pump back” or on a line with 
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Commutation Measurement 
Automatic Office Stapler 
Electronic Counters 
Fatigue Limit of Chrome-Plated Steel 
Frequency Compensation for Recordings 
Ceramic Dielectrics 
High Fidelity Speakers 
Motorized Carpet Sweeper 
Thermal Converter for Load Control 


British Comment on Conductive Rubber 


And other new ideas and 


developments of interest 


other generators, sparking of other machines may be 
read on meter. To eliminate interference a resistance 
load bank was used for the tests. At one time the gen- 
erator was separately excited by an electronic current 
regulator to hold a constant load. Current regulator 
rectified alternating current and supplied pulsating cur- 
rent to generator field. These pulsations were transmit- 
ted to the armature and raised electronic voltmeter 
readings over the full width of band. To make a test 
on a generator running in parallel with other machines, 
it is necessary to block out the high frequency from 
other machines by using a filter. 

There are several reasons for using the electronic 
voltmeter for measuring commutation instead of ob- 
serving visual sparking. One advantage is elimination 
of variations in readings due to different observers. 
This is important as there are considerable differences 
in the ability of the human eye to detect the first sparks. 
Local lighting conditions also affect the ability of the 
eye to see small sparks. Another important point is that 
the electronic voltmeter shows sparking on all brushes 
with one reading, while with visual observation it is 
necessary to look at all the brushes and on many ma- 
chines this is physically impossible. 

This more accurate method of comparing commuta- 
tion makes it possible to study effect of atmospheric 
conditions on brushes and machine performance. Be- 
sides being useful in evaluating brush performance, 
electronic voltmeter should be useful on production tests 
in setting brushes in neutral position, for checking pole 
shims, and to be sure each machine is within design 
limits. Requirement of preventing any sudden changes 
in current, especially at the trailing edge of brush, has 
been fairly well taken care of in the design of some 
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machines. In many others current is still flowing be- 
tween the commutator bar and the brush when contact 
is broken. This produces a spark, or at least a higher 
reading of the electronic voltmeter, and if bad enough 
causes etched commutator bars as well as short brush 
life and excessive commutator wear. These machines 
rely on the commutating ability of brushes for their 


Timing mechanism keeps motor running be- 
tween paper insertions but shuts it off after 
a period of non-use. 


FRANCIS J. TAYLOR, JR. 


Industrial Research Laboratories 


N determining the requirements for a power stapler 

capable of fastening up to 30 pages of manuscript 
Industrial Research Laboratories, Baltimore, conducted 
a field survey. This survey indicated a need for the 
following features which were incorporated into the 
stapler shown in Fig. 1. 


1. Variable control of the staple position from the edge 
of the sheet (%¢ to 8% in.). 

2. Fast response to insertion of paper to allow high 
speed use of the machine. 

3. A timing mechanism which would allow continuous 
running of motor although paper is inserted at 
erratic intervals, and yet would shut off after a period 
of non-use. 

4. Flexible actuating mechanism to protect the stapling 
mechanism against jams and excessive paper thick- 
ness. 

5. A resettable counter to record copies assembled and 
warn operator when staple magazine is nearly ex- 
hausted. 

6. General compact design, with width not to exceed 
5 in. This was to accommodate two machines set up 





Fig. 1—Light weight aluminum castings for the base 
and frame were used so machine could easily be moved 
from desk to desk. 
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proper operation. The electronic voltmeter, therefore, is 
a useful tool in the development and evaluation of 
brushes with improved commutating ability. ©O O O 


Based on a paper presented before the Fall 1949 
meeting of the American Institute of Electrical Engi- 
neers, Cincinnati, Ohio. 




























Fig. 2—Shock-mounted shaded-pole induction motor 

drives a worm gear through a flexible coupling. Worm 

gear “free wheels” on shaft until engaged by single 
revolution clutch. 


side by side for coincident fastening of two or more 
staples along one edge. 
7. Light weight for portability. 


Stapler shown in Fig. 2 with cover removed and in 
cross-section, Fig. 3, is powered by a shaded-pole motor 
which drives an actuating cam through a worm and gear. 
Stapling cycle is started by a paper contact switch. A 
solenoid, energized by the switch, trips out the stop on 
a single revolution clutch and starts a timer. Flexible 
bellcrank riding on the cam depresses the stapling head 
and fastens the material together. Timer allows the 
motor to run for 12 sec after a stapling cycle in order 
to allow for paper insertion at erratic intervals. 

Drive motor was the most critical of the electrical 
components. Power required was intermittent in nature, 
being a maximum of two or three times full-load torque 
for a period of 0.02 sec and occurring usually not more 
frequently than once per second. Conditions indicated 
need for a relatively high speed motor which would 
have enough inertia to carry through the stapling cycle 
at the instant of stapling thirty sheets of heavy paper. 
Commutator motors were tentatively avoided to elimi- 
nate brush and commutator maintenance. Series motors 
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were out because of their speed-load characteristics, and 
series governor-controlled motors had the disadvantages 
of higher cost and service requirements. These consider- 
ations pointed to a shaded-pole induction motor. 

The motor finally chosen was a shaded-pole motor 
of conventional design but with modified windings for 
better starting torque. In general, the characteristics are: 
1/50 hp, 3200 rpm, two-pole shaded-type induction 
motor with self-aligning sleeve bearings. 

To cool the motor as well as add inertia, a fan of %¢ 
in. steel was mounted on the worm shaft. It was neces- 
sary to mount this flywheel on the worm side of the 
flexible coupling rather than the motor side, to prevent 
absorption of its energy in the flexible coupling by twist- 
ing during the stapling cycle. Tests at low line voltage 
and maximum thickness of paper resulted in stalling 
the stapling motor when the fan was located on the 
motor side of the flexible coupling. 


Stapling Force Varies with Load 


It was found that when stapling heavy materials, the 
motor must have accelerated to full speed before the 
load of driving and clinching the staple is introduced. 
In order to allow the motor to reach full speed before 
it starts to drive the staple there is no rise of the 
follower cam for the first 90 deg of rotation. 

Motor is shock mounted and drives through worm 
gearing and a single-revolution clutch to the stapling 
cam. Cam is fixed to its shaft but the worm gear “free- 
wheels” on this shaft unless the clutch holds it engaged. 
Stapling cam forces its roller follower upward, resulting 
in a downward thrust on stapling head through flexible 
arm of bellcrank at left of pivot point. The flexibility of 
this arm is for the twofold purpose of protecting machine 
against jam when material inserted cannot be stapled, and 
to provide a regulated pressure for different thickness 
of paper being stapled. Two sheets of paper receive only 
what stapling force is required for them, while 30 sheets 
of heavy paper receive correspondingly heavier stapling 
force. Counter is operated from this arm to record the 
number of copies fastened. 

After completion of the stapling cycle, the single- 
revolution clutch disengages the worm gear from its 
shaft and the motor drives it “free-wheeling”. 

Operating mechanisms for the clutch and timer were 
the other two major problems. A solenoid was used for 
the clutch and timer control application. This solenoid is 
small, has adequate power and may remain energized 
without damage as would occur if paper being stapled 
were left in the machine. 

Actuation of the stapling mechanism upon the inser- 
tion of such light paper as two sheets of onionskin is 
accomplished by the use of a coin type snap-action 
switch for the paper feeler switch S7 shown in Fig. 4. 
Its characteristics of light actuating force, sharp point of 
closing, and adequate power handling capacity fit this 
application. These same advantages led to the application 
of a similar switch $2 for the timing-out motor control 
function. Compact switch design allowed a much more 
efficient layout of associated components than would 
have been possible if the switches had been larger. 
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Flexiblearm Worm gear 


_-- Stapling cam 


: Timer ratchet. 
Solenoid. tab 


Timer release 
(N1) < ' 


Timerarm  — 
-Turmng cam 


“Timer ratchet 





Motor switch 
(Ss 


Fig. 3—In order to allow the motor to accelerate to full 
speed before the load is applied, the cam is shaped so 
there is no rise of follower for first 90 deg of rotation. 
Fig. 4—Paper switch Sl energizes solenoid to trip out 
the stop of the single revolution clutch that engages the 
worm gear. Fig. 5—Solenoid also actuates timer and 
allows ratchet to “zero set,” energizing motor for a 
maximum period of 12 sec. 


Insertion of paper into slot at front of stapler engages 
and closes a coin type snap-action switch $1, which 
energizes solenoid N1. The latter is mechanically aligned 
to perform two operations: (1) trip out the stop of the 
single-revolution clutch in the stapling drive, and (2) 
actuate timer release shown in Fig. 5 which allows 
timer ratchet to “zero-set.” As timer ratchet spins back 
clockwise under spring effort, it releases motor switch 
S2 which then closes to energize the stapling drive 
motor M1. Worm gear carries timing cam which im- 
parts oscillating motion to timer arm. Timer arm ad- 
vances timer ratchet one tooth per cycle until tab on 
the ratchet wheel has actuated motor switch S2 and 
turned motor M1 off. 

Timer is adjusted to shut motor off after 12 sec 
running time following a stapling cycle. This time was 
determined as just longer than the longest probable 
interval between insertions of paper during continuous 
stapling. If another group of papers is inserted before 
timer has timed out, the timer releases the time stored 
in it and starts again at zero time. 

Base of the machine is an aluminum sand casting 
selected for its light weight. A flexible coupling is used 
between the motor and the worm gear drive chosen for 
its narrow width. Cast aluminum frame houses most of 
the stapler drive; holds most of assembly tolerance 
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problems in one member. Front of the frame carries a 
stapling head and actuating arm. 

Section of the base under the stapler carries the 
stapling anvil and the paper engaging switch. The switch 
is mounted on a lead screw 8% in. long for adjusting 
the position of the driven staple from the edge of the 
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sheet. A thin-walled cast aluminum cover houses the 
mechanism; under-half of the front end of this cover 
pivots upward to allow access to the stapler for loading 
and clearing jams. All potentially corrosive parts of the 
mechanism are electro-zinc plated. Exterior finish of 


mm 


the stapler is gray wrinkle with chrome trim. 00 0 





Frequency Compensation For Recordings 


Frequency compensators and preamplifiers 
for phonograph equipment amplify frenquen- 
cies attenuated during recording. 


HE ORIGINAL phonograph was entirely an 
it cueenenaion device with a response lim- 
ited to a narrow range of tones. Tending to be “constant- 
velocity” in character, such phonographs recorded no 
true deep bass notes. With the advent of electrical and 
electronic methods of recording it was apparent that 
extension of response into the bass range would result 
in undesirably large excursions of the recording stylus 
in the record since the recorded amplitude varies in- 
versely as the frequency. Extension of the bass response, 
therefore, would necessitate an impractical groove spac- 
ing width, shorten playing time and present difficulties 
in pickup tracking. Consequently, amplitude of the bass 
notes was deliberately attenuated in recording, and the 
reproduction system was made to compensate for the 
loss by a bass boost. Generally, low-frequency attenuation 
was at an average rate of 6 db per octave below some 
frequency known as the “turnover” point, as shown in 
Fig. 1. This attenuation is equivalent to reducing the 
response proportional to frequency. Below the turnover 
point, recorded amplitude is proportioned to sound am- 
plitude ; hence the term “constant-amplitude” recording. 

In early electrical recordings the turnover frequency 
was approximately 300 cps. Many commercial and all 
European recordings still use this frequency. However, 
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Fig. 1—Due to physical limitations of recording disks, 

frequencies below a preset limit (turnover point) are 

attenuated. This results in a constant-amplitude record- 
ing deficient in the bass range. 
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Fig. 2—To supply attenuated frequencies which vary 

with recordings and provide a constant frequency re- 

sponse, Pickering uses a preamplifier and compensator. 
Six knob positions compensate for record variations. 


as the art progressed there was a tendency to record at 
louder levels to override noise and to avoid overcutting 
on the bass, and turnover point was raised progressively 
higher. No exact curves are available since recording 
personnel had considerable control over the results. The 
National Association of Broadcasters standardized on 
a 500-cycle turnover point for broadcast transcriptions, 
but various record producers have used turnovers as 
high as 800 cycles. 

With this wide range of turnover points and corre- 
sponding bass attenuation, some method of adjustment 
is needed to obtain a full natural bass reproduction. 
Generally the problem involves the design of an ampli- 
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Fig. 3— System made by Pickering has compensator- 
amplifier with six separate characteristics as shown. Posi- 
tion 6 for old or worn recordings cuts off all frequencies 


above 4000 cps. 


ELECTRICAL MANUFACTURING 





ELIVERY 


UALITY 








Series 100 A. C. Relay 











GUARDIAN 





Series 220 A.C. Relay 


Guardian gives you a head start, true-to-the-marks of Quality—Delivery— 
Price. With MORE THAN 15,000 STANDARD CONTROL PARTS 

IN STOCK—Guardian gives you last minute production-delivery FAST. Improve 
your product and make changes without “line halts”. All these advantages of stock 
parts, plus long experience, economy, quality and speed await you at Guardian. 
With competent factory representation in every principal city, the answer to your 


control problem can be mere minutes away. Wire—teletype or phone... NOW! 


GUARDIAN @ ELECTRIC 


CHICAGO ILLINOIS 


1627-Z\ W WALNUT STREET 
A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUST 





JANUARY 1950 


DES tGN TREN ODS 


Fig. 4—Compensator-amplifier made by Scott has sep- 
arate controls for turnover point compensation, range 
compensation and general gain. Range compensation 
control is used to eliminate harshness in old recordings. 


fier that has an amplification factor of 6 db per octave 
starting at either of the three turnover points of 800, 
500 arid 300 cps. An amplifier with compensation for 
various turnover points for use with any reproduction 
system has been developed by two companies. Since 
there have been numerous combinations of high and 
low frequency characteristics, the Pickering & Company, 
Inc., Oceanside, N. Y., developed a preamplifier and a 
record compensator that has separate “equalizers” to 
compensate for frequency attenuation characteristics of 
various recordings to enable a flat true reproduction. 
Switch to control compensator shown in Fig. 2 has six 
positions; Fig. 3 shows frequency response at each 














10 
Frequency, cycles per sec 
Fig. 5—Bass boost characteristics of system used by Scott 
can be adjusted for three different turnover points. 


position. All frequency compensating circuits used are 
of the resistance-capacity type with the series inductance 
of the pickup coil. All networks are linear, eliminating 
distortion by the circuits. 

In the preamplifier shown in Fig. 4, developed by 
Hermon Hosmer Scott, Inc., Cambridge, Mass., fre- 
quency compensating circuits produce a frequency re- 
sponse as shown by Fig. 5. The amplifier and compensa- 
tor has a three-point range control and distortion filter 
for ranges of 5000, 9000 and 15,000 cps. An adjustable 
turnover control provides for frequencies of 300, 500 
and 800 cps; in addition, the unit has an amplification 
control and an input adjustment. ooo 


Fatigue Limit of Chrome-Plated Steel 


Safe working stresses are increased by stress 
relief heat treatment, according to tests re- 
ported by National Bureau of Standards. 


Chromium plating is widely used on gages, cylinder 
walls, piston rings, and other machine parts where re- 
sistance to wear is an important factor. However, the 
advantages of chromium plating, in the absence of 
proper precautions, may be offset by the adverse effect 
of the plating on the fatigue limit of the basic metal. 
Recently Hugh L. Logan of the National Bureau of 
Standards made an extensive study of the effect of 
chromium plating on the fatigue limit of steels. 

Specimens about % in. in diam were machined from 
three lots of SAE X4130 rod and one lot of 6130 rod. 
The X4130 steel was either normalized to a Rockwell 
hardness of 90-B or quenched and tempered to a Rock- 
well hardness of 33-C. After grinding, polishing, and 
chromium-plating, specimens were subjected to fatigue 
tests in the R. R. Moore type of rotating-beam ma- 
chine operating at 1800 or 3600 rpm. 

In all cases chromium plating was found to reduce 
the fatigue limits of the steels studied, although the 


100 


effect was less pronounced under some conditions than 
others. In general, reduction in fatigue limit increased 
with increased hardness, fatigue limit decreased with 
increased temperature of the plating bath for steels of 
a given hardness and plate thickness appeared to have 
little effect on the fatigue limit. 

It was discovered that the fatigue limits of speci- 
mens plated and subsequently ground to remove a part 
of the plating were equal to or greater than those 
initially plated to the same thickness as the ground 
specimens and tested as plated. Also, interruptions of 
the plating process did not reduce the fatigue limit. 
For quenched and tempered chromium-plated steel 
specimens heating at temperatures between 100 and 
300 C decreased the fatigue limit but increased with 
temperatures above 300 C. 

Three possible causes for the adverse effect of 
chromium plating on fatigue limits of the steels are 
embrittling effect of hydrogen deposited with the 
chromium, cracks in the chromium, and _ residual 
stresses in the chromium. However, there is no sim- 
ple relationship between fatigue limit and amount of 
hydrogen remaining in the chromium after a baking 
treatment. Further experimental evidence indicates 
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that cracks present in the chromium are not the prin- 
cipal cause of reduced fatigue limits of plated steels. 

It is generally agreed that residual stresses in a 
material markedly affect its fatigue limit. Compressive 
stresses in steel such as those produced by shot peen- 
ing increase the fatigue limit; tensile stresses have the 
opposite effect. In order to show the presence of ten- 
sile stresses in electrodeposited chromium and the ef- 
fect of heat treatment on these stresses, thin-walled 
tubes of annealed steel were chromium-plated and sub- 
sequently heated to different temperatures. 

Tongues cut in plated tubing that had not been 
heated were found to bend slightly outward from the 
surface of the tube, indicating the presence of residual 
tensile stresses in the plated layer. Baking the plated 
tubes at temperatures around 200 C increased the ten- 
sile stresses in the chromium further, as shown by a 
greater bending of the tongue away from the tube. 





AWN D TRANSHtHEENT S& 





When heated at 200 C the fatigue limit of the plated 
specimens decreased due to increased tensile stresses 
induced in the chromium plate. Also experiments show 
that electrodeposited chromium subjected to a heating- 
and-cooling cycle increases in density and thereby con- 
tracts; since no significant dimensional changes occur 
in the steel upon completion of the cycle, the steel 
tends to restrain the complete shrinkage of the chro- 
mium layer resulting in increased tensile stresses in 
the steel. If the chromium-plated steel is heated to a 
sufficiently high temperature (above 400 C), the con- 
tractive forces in the chromium produce sufficient ten- 
sile stresses to cause plastic flow or rupture of the 
chromium plate relieving the residual tensile stresses. 
This suggests that the increased fatigue limits pro- 
duced in the fatigue specimens heated above 400 C 
were caused by stress relief in the chromium plate ac- 
companying its plastic flow or rupture. OoO0 


Counting Devices with Control Functions 


Applications for electrical and electronic pre- 
determined counters giving positive control 
and indication for high speed cycles. 


N ADDITION to the commonly recognized applica- 

tions for counting devices with control functions* 
recent developments in electrical and electronic counters 
have widened this field appreciably. Predetermining 
electric counters (A) can be set for any count up to 
99,999, and at end of the exact preset count will ener- 
gize an electrical control circuit to start or stop any elec- 
trically operated equipment or any synchronized opera- 
tion. An initial short-duration impulse starts the count- 


* See “‘Electrical Count Control Devices,” by F. E. Reeves, ELEcTRICAL 
MANUFACTURING, November 1949, page 7. 
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Predetermined Monitor electric counter made by Produc- 

tion Instrument Co. with capacity of 99,999 will count, 

reset and start on next series at a rate of 600 per min 
without missing a count. 
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Recording counter 
made by Streeter-Amet op- 
erates on electrical im- 
pulses to an internal 5000- 
ohm relay at rates up to 
1500 per min; automati- 
cally prints number of 
counts over time interval 
selected on clock dial. Re- 
corder may be arranged to 
reset after each count or 
accumulate count until 
manually reset. 





ing cycle, and reset occurs automatically at the final 
count. Counting rates of 600 per min are readily han- 
dled without loss of accuracy. 

When a permanent record of the count is required, 
recorders (B) automatically print the number of im- 
pulses received during a preset time interval, or may 
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C—Pill bottling machine (left) uses a Potter counter to 
load any exact predetermined quantity from 1 to 1000. 
Input to counter from photocell; output controls gate and 
holding solenoids alternately filling bottles from each line. 


D—Electronic counters made by Hetherington (above) 
and Airlectron (right) will operate from photoelectric or 
magnetic pickup with impulses at rates up to 10,000 per 
min. Output impulses at end of count may be used for 
any electrical control function including resetting counter. 





E—Running speed is flashed once each second on screen before operator, with an accuracy of + 1 rpm for speeds up to 
40,000 rpm in this General Electric precision tachometer. Impulses from a magnetic or photoelectric pickup are fed to 
an electronic counter for 0.8 sec out of each second. The remaining 0.2 sec is used to lock in relays to hold, indicate 
the count, and reset counter. Relays select number to be projected on translucent screen. 
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THE COLLIE was originally used for 
herding sheep. Queen Victoria’s admi- 
ration for the breed encouraged devel- 
opment of the modern collie which is 
much larger than its ancestors. 
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That’s why P. Ballantine & Sons rely 
on Union boxes to carry great quan- 
tities of their famous beer and ale from 
brewery to dealers’ shelves. 

Many other makers of national brand 
merchandise know the Union shield 
on a box means it is made by the leader 
in Kraft packaging, operating five of 
the world’s largest paper machines in 
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CONSTRUCTION REQUIRE: 
Of MENTS OF CONSOLIDATED 

FREIGHT CLASSIFICATION 


7 BURSTING LBS. PER 
e TEST 200 SQ. INCH 
SIZE 
LIMIT 75 INCHES 


writ OS ss. 








a completely integrated pulp-to-con- 
tainer plant. Linked with this great 
plant are tremendous forest resources 
and four modern box plants—and one 
management with one high standard 
of quality control supervises every- 
thing from timber to finished box. 


That is why makers of many national 
brand products know that Union cor- 
rugated boxes give extra assurance of 
consistent quality, consistent service 
and fair price. 


UNION Corrugated Containers 


UNION BAG & Paper Corporation 


Principal Offices: WOOLWORTH BLDG., NEW YORK 7, N. Y. 


Corrugated Container Plants: SAVANNAH, GEORGIA + CHICAGO, ILLINOIS + TRENTON, NEW JERSEY 
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be actuated by an external timing circuit to record the 
impulses received during the cycle. Counter input is 
designed to operate from high impedance electronic 
amplifier circuits, with counting rates of 1500 per min 
or more. 

For small items such as pills, buttons, bottle caps and 
screws, electronic counters may be used to batch prede- 
termined quantities for packaging at rates up to 15,000 
per min. One application (C, page 104) uses a photocell 
scanning head input to a counter operating solenoids to 
package pills. Other electronic counters (D) are also 
available for similar applications. 

Basically an electronic counter, a recently developed 
precision tachometer (E) counts revolutions for 0.8 sec 
in each second. In the remaining 0.2 sec relays are oper- 
ated to project on a screen the instantaneous rate in rpm 
corresponding to the exact number of impulses received 
during the counting period. Thus, the rate is measured 
and shown once each second. Speed of response of the 
electronic counter is such that indications are accurate 
to 1 per cent for rates up to 40,000 rpm. While designed 
primarily to indicate rotational speeds, the tachometer 
can also measure any regularly recurring functions that 
can be adapted to produce electrical impulses.§ COO 


Thermal Converter for 
Load Control 


Viscosity of materials in mixing or other types of 
agitating machinery can often be measured indirectly 
by measuring the power input to the electrical motor 
which drives the mixer. In many processes of this 



































Strip film is projected on a translucent viewing screen 
giving a 5 min animated program in this toy made by 
Hollywood Toy Television, Chicago. Film is driven by a 
1l-watt shaded-pole motor with a special secondary wind- 
ing supplying power for the projection lamp. Cabinet is 
molded plastics 7 in. high; all internal electrical connec- 
tions are made with insulated crimp connectors. 





106 














type, as pointed out by engineers of Leeds & North- 
rup, the materials must be mixed to a given viscosity, 
or until a definite reaction endpoint is reached where 
viscosity undergoes’ an abrupt change. One means of 
detecting this change is a thermal converter—a com- 
bination of a heating element and thermocouple which 
produces a small d-c voltage proportional to a change 
in voltage or current. The input side of the converter 
is connected in the line the same as a wattmeter with 
the output wired to a potentiometer-type load recorder, 
The instrument continuously records motor input in 
kilowatts or on any arbitrary scale. 

It may be equipped to operate alarms or signal 
lights which inform the machine operator when the 
endpoint is reached; for some processes it may pro- 
vide automatic control, generally by regulating feed of 













| I Instrument transformers 






- Thermal 
converfer 


load recorder 

















Unusual application of potentiometer-type recording in- 
struments to control mixing machines uses a thermal 
converter to produce a signal proportional to the load. 
Signal is fed to a recorder controls feed to the machine. 


process material. Where several machines are operat- 
ing in one location, data from all of them can be re- 
ooo 


corded on a single multiple-point instrument. 


British Comment on 
Conductive Rubber 


Since rubber is traditionally regarded as an insulat- 
ing material, the introduction of electrically conductive 
types* may involve confusion and danger of electric 
shock or ignition through misapplication. Writing in 
the current issue of Rubber Developments,+ H. F. L. 
Jenkins, manager, Physical Section, General Develop- 

(Continued on page 190) 





* See “Conductive Rubber as a Component,” B. W. Bender and J. F. 
Schreiber, p. 96, August, 1949 ELECTRICAL MANUFACTURING. 

ol. 2, No. 3, available from British Rubber Development Bureau, 

1631 K Street, N.W., Washington, D. C. 
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for ELECTRICAL HEATING APPLIANCES 
APPARATUS and DEVICES 







































LOUTHAN'S is a Complete Insulation Service . . . mechanical, 
electrical, thermal and, more recently, Super-Insulations so 
important in Electronics. 


LOUTHAN 'S is a Specialized Service . . . insulations are tailor- 
made for specific needs no matter how exacting the technical 
requirements. 


LOUTHAN'S is an economical service ... costs less overall 
than ordinary insulations. 


LOUTHAN'S is a Proven Service ... has safeguarded famous 
‘“name’’ appliances and apparatus for nearly half a century. 


CORDIERITE REFRACTORY .. . STEATITE 
ZIRCON ... ELECTRICAL PORCELAIN 
There's a LOUTHAN formula for most any insulating requirement 
. from the standard resistor core to the complex designs of 
Mercury Switch and television shapes. Too, LOUTHAN parts are 
precision made no matter how intricate the design . . . are uni- 
form, regardless of quantity ordered. Available either Unglazed 
or Glazed in standard colors. 
Tested formulae, mechanized processing and scientific produc- 
tion control insure the high fidel- 
ity of all LOUTHAN Insulations. 
Spacious, modern plant coupled 
with excellent transportation facil- 
ities assure prompt deliveries. 
Write for 
CATALOG NO. 49-E 
Standard & Special Parts 
Submit sketch, model or specifi- 
cations of special parts for com- 
plete recommendations, cost esti- 
mates and samples for testing. 


ms  LOUTHAN MANUFACTURING CO. 


CERAMIC SPECIALISTS..SINCE 190! 


EAST LIVERPOOL, OHIO 
Subsidiary of Harbison- Walker Refractories 
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In the past, speed control of a fan motor has been ef- 
fected by the use of an external choke coil or resistor to 
reduce line voltage—an effective method but costs are 
somewhat higher because two components are required. 
However, in this new shaded-pole motor, choke and motor 
are combined using the same laminations for a dual pur- 
pose. Speed reduction is obtained by, increasing the num- 
ber of turns in the motor winding for each speed reduction 
rather than by reducing input voltage. (With a given 
magnetic circuit, flux can be reduced either by lowering 
the voltage or by increasing the number of turns in the 
winding at the same voltage.) 

Multi-speed arrangements can be wound in both four- 
and six-pole types with either two or three speeds. In 
designing a motor to operate a specified load, total number 
of turns in winding is determined by the lowest operating 
speed desired with taps for high and medium speeds at 
selected intervals. For example, a typical 4-pole motor has 
170 turns, tapped at 125 turns. For high speed operation, 
the four coils are connected in series through 125 turns, 
giving a total of 500 while for low speed the remaining 
45 turns per coil are included, giving a total of 680 turns 
in series. 

In choosing applications for this motor, speed reduction 
will only work on a floating load and cannot be used on 
power applications where reduced power ‘on low and 


Electrically independent bimetal strip in parallel with a low- 
resistance contact spring eliminates false cycling and jitters 
in thermostat for a-c operation. Thermostats are precalibrated 
in pots simulating actual service conditions before shipment. 
Manually adjustable type. in cutaway at right, shows location 
and arrangement of components. 
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MOTOR WITH BUILT-IN CHOKE COIL SPEED CONTROL 


BIMETAL APPLIANCE THERMOSTAT 








>) | [UM ATERIALS ond COMPONENTS 


for designed-in use 





medium connections would merely stall the motor. Since 
it is necessary to develop a specific winding for a particu- 
lar application to obtain speeds desired by the user, manu- 
facturer will develop motors to specification in power 
ranges from %o to % hp. Motors are furnished in both 
open or enclosed end-bell construction, as well as on stud- 
mount and resilient or rigid base. Marco Industries, Inc., 
788 Terrace Blvd., Depew, N. Y. 





FOR A-C OPERATION 


Specifically designed for general use in appliances using 
alternating current, such as roasters, warming compart- 
ments of electric ranges, toasters, low wattage water heat- 
ers, grills, waffle irons, ironers, and flat irons, thermostat 
(Type R) is furnished in two basic types: manually adjust- 
able or preset nonadjustable. Various temperature ranges 
between a low of 32 F to high of 600 F can be supplied. 

Unique feature of thermostat is an electrically inde- 
pendent bimetal strip. Current flows from terminals 2 
through silver contacts 3 and low-resistance contact spring 
4, rather than through the high-resistance bimetal 5. 
Since high-expansion side of bimetal is on the outside of 
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NYLON 


..- plus the “know-how” of 
CHICAGO MOLDED 


... the answer to many of 
today’s small mechanical 
parts problems 


Molded nylon has long since proved itself one of the 
most valuable materials for the fabrication of small 
mechanical parts. It is exceptionally tough and resis- 
tant to abrasion. It has a tendency to dampen vibration 
and lessen noise and, when used for bearings, requires 
little or no lubrication. Furthermore, it is not affected 
by petroleum oils and greases, alkalis and dilute acids. 


These qualities make molded nylon ideal for a host of 
mechanical parts such as gears, bearings, pawls, grom- 
mets, cams, bobbins, washers, and similar units. 


But .. . nylon alone won't do the jop. Its fabrication 
tequires a special “know-how” that comes only with 
long experience in molding this remarkable material. 


We've been molding nylon ever since Du Pont first 
made it available. We've learned its peculiarities, its 
characteristics, and its molding behaviour. We under- 
stand its possibilities as well as its limitations. This 
experience is of utmost importance to anyone who 
contemplates the use of molded nvlon. 


Yes... we mold nylon...and all other plastics mate- 
tials, We have practically unlimited facilities for com- 
pression, injection and plunger molding. Our huge 
batteries of presses include every needed size and type 
for maximum efficiency and production economy. And 
‘+. most important... we have a background of more 
than 30 years in plastics. 


No matter what your molded plastics job may be, 
you'll find this a good place to do business. Why not 
discuss plans with a Chicago Molded engineer? Just 
write, wire or phone. There’s no obligation. 


We have prepared an interesting bul- 
YOU'LL WANT letin which contains worthwhile in- 
THESE FACTS formation about nylon, its qualities 
ABOUT NYLON and properties, and discusses many 

typical applications. Write for your 
free copy. 


CHICAGO MOLDED PRODUCTS CORPORATION 
1024 N. Kolmar Ave., Chicago 51, Illinois 


Representatives in principal industrial centers 
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CHICAGO 


MOLDED 


PRODUCTS 
CORPORATION 


COMPRESSION, INJECTION AND PLUNGER 
MOLDING OF ALL PLASTIC MATERIAL 


# 
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the strip, an increase in temperature causes the center of 
bimetal strip 5 to move away from the contact spring 4 
and toward lava or porcelain insert 6 in adjusting stem 1. 
Further expansion by bimetal forces it against the lava 
insert until it forces contacts 3 open to break circuit. 
Ambient temperature, or temperature of controlled de- 
vice, must increase sufficiently to cause bimetal pressure to 
overcome spring tension plus friction of the bimetal against 
contact spring 4. 

In some applications when self-heating of the contact 












PLATE RHEOSTAT WITH DOUBLED WATTAGE RATING 


MOTOR OPERATED 
RHEOSTATS 


wns om | 
sili 
+ 


CONCENTRIC 
RHEOSTATS 





spring is undesirable, an aluminum or copper shunt is used 
to give closer temperature control, prevent overshooting, 
and eliminate “jitters” or false cycling. 

Thermostat rating (dependent upon details of applica- 
tion) in general is 15 amp at 115 volts a-c or 10 amp at 230 
volts a-c; there is no d-c rating. Nonadjustable units are 
preset at factory. Adjustable styles can be furnished with 


a long or short adjusting stem knurled, keyed or slotted. 
Most any type of mounting can be furnished. 
Manufacturing Co., Inc., Mansfield, Ohio. 
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MULTIPLE PLATE 
RHEOSTATS 





Basic plate rheostat unit is combined with various mechanisms to produce special forms of rheostats. Basic plate varies the number of 


For over fifty years innumerable design changes and 
improvements have been made on plate rheostats to keep 
pace with demands for smaller sizes, higher ratings and a 
wider variety of mechanical forms. Because so much 
development effort has been expended on these devices, it 
has been considered extremely difficult to make any out- 
standing contributions in plate rheostat design. 
Overcoming some objections in former models, this 
rheostat has doubled wattage rating for a given size and 
number of steps have been increased. All resistor plates 
of the new type consist of a molded base supporting the 
resistor elements which are welded to the contacts. Assem- 
bly is mounted in a steel enclosure filled with a_heat- 
conducting cement; steel enclosure is finished with a 
silicone-base paint. Rheostat has adjustable stops which 


limit dial switch movement at each end of travel; stops, 
adjustable through 90 deg, make possible adjustment of 
maximum or minimum resistance to cut in or out of the 





Material can be molded into finished form at pressures 
as low as 50 psi. On a production basis, lightweight, fast- 
acting hydraulic or air-actuated presses are employed to 
carry out the complete molding cycle. Because of low 


pressure requirements, Alkyd 411 is suited to applications 
where a shell of plastic must be molded around delicate 
electrical assemblies which would be crushed by the high 
pressures necessary to mold other plastics. 


Electrical 
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resistance steps in the circuit. Resistance material used is an alloy having a negligible temperature coefficient. 


LOW PRESSURE ALKYD MOLDING RESIN IN PUTTY FORM 


circuit. Handwheel operating mechanisms and sequence 
drives allow two plates to be operated in sequence by 
rotation of single handwheel through approximately two 
revolutions. 

Rheostat is furnished in three forms: 6-in. type (27 re- 
sistance divisions), 9-in. type (52 resistance divisions), 
and 12-in. type (70 resistance divisions), and is specifically 
designed for field control of d-c shunt or compound-wound 
motors, self-excited generators, exciters, separately excited 
generators and synchronous motors. Consequently, it is 
suitable for use in control of machine tools and paper, 
textile and woodworking machinery, as well as for rotating 
equipment and motor-generator sets. 

Sprocket-operated types (without chain operating mech- 
anism), in the 9- and 12-in. sizes, motor-operated types 
in 12-in. sizes with motor; chain and concentric-operating 
mechanisms are available as accessories. General Electric 
Co., Apparatus Dept., Schenectady 5, N. Y. 





capacitors and wound resistors are a typical use. Supplied 
to molders in bulk as putty. At room temperatures it is 
readily extruded into ribbons or other required shapes 
which are then cut into individual pieces which serve as 
mold charges. 

This molding technique permits the molders to pre- 
assemble a condensor or capacitor just before molding and 
to produce an integral piece with all components, including 
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GRADE MAGNETO RADIO 
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22 TO 2” INSIDE Di y ee 
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BOTH GRADES AVAILABLE IN BUNDLES CONTAININ 
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OR IN CONTINUOUS COILS ON SPOOLS ] so 
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EXCLUSIVELY PROCESSED FOR 





For extra dependability 
AT NO EXTRA COST! 


TURBO Varnished Tubing is an excellent insulation for general 
applications. Supplied in two grades—Radio Grade for voltage 
to 4000 and Magneto Grade for voltages to 7000 — it features 
high tensile strength, good flexibility, non-peeling and non-crack- 
ing qualities, low moisture absorption, oil and acid resistance 
plus moderate cost. TURBO Varnished Tubing is a braided 
cotton sleeve thoroughly impregnated with a fine insulating 
varnish. Perfect concentricity facilitates wiring and a wide range 
of sizes meet all application needs. For further details, mechan- 
ical and electrical, write today on letterhead. 
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GREATER FLEXIBILITY 





ABSOLUTE CONCENTRICITY 


SLOW BURNING COMPOSITION 





LOW MOISTURE ABSORPTION 


An all-purpose insulation wherein 
the dielectric strength factor does 
not involve the requirements of the 
higher ranges: Flexible, high tensile 
strength, low moisture absorption, 
acid and oil resistant; slow-burning. 
In cotton, rayon and glass base; 
C-1, C-2, C-3 grades. 


WILLIAM BRAND Rc sinaeaalcauysoiayengrid ates angie 4 


& COMPANY 


276 FOURTH AVE., NEW YORK 10,N.Y. * 1313 W. RANDOLPH ST., CHICAGO, ILL. 
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wire leads, sealed into a stable, moisture-resistant, heat- 
resistant unit. Mechanical and electrical properties of 
Alkyd 411 are similar to those of granular alkyd, but new 


Developed originally for use in dial telephone exchanges, 
interrupter has applications wherever a sequence of auto- 
matic accurate timing of controls is needed; more spe- 
cifically, in automatic machine tools and other special pur- 
pose automatic industrial machinery where sequential con- 
trol is desired. With the cycles adjustable between 0.50 
sec and 2 min any desired arrangement of coded pulses may 
be provided in cycle time. 

Contact make and break is done by _ snap-action 
switches running on case-hardened steel cams which can 
be custom cut to provide specific intervals. In life tests, 
switches (see arrow) have performed more than one 
billion operations without mechanical failure. Make and 
break can be tuned within 50 milliseconds of accuracy. 
Contacts have ratings of 7% amp at 110 volts a-c. Switches 
may be replaced or added by simple plug-in arrangement. 
As a result, operations and sequence of automatic machine 
tools may be readily change when desired. Interrupter has 
only one main shaft, but an arrangement of planetary gears 
allows two speeds on the same shaft. Shaft contains an 
automatic torque limiter—mechanical fuse—whereby torque 
is almost reduced to zero and the motor may run for hours 
without damage if a foreign object falls into and jams the 
machine. 

A standard speed-reducer motor is supplied for 110-volt 
a-c or for 24- or 48-vo't d-c operation. Machine can be 
engineered to any specific timing requirements within 


Developed especially for potting 
high-temperature, high frequency 
electronic circuits, Melpak IV is a 
styrene copolymer (also a polyester ) 
having a temperature range from 
— 85 F (ambient) to + 320 F (hot- 
spot). Application for a resin with 
the properties shown in table are 
varied: potting of electronic circuits, 
complete plug-in assemblies such as 
shown to provide good insulation and 
protection against atmospheric con- 
ditions and shock, high impedance 
control devices, and for protection 
against vibration, chemical fumes, 
salt spray and humidity. Resin is particularly adaptable for 
use with subminiature components and subassemblies in 
hearing aids, portable radio equipment, audio and video 
applications, control devices and instruments. Melpar, Inc., 
452 Swann Ave., Alexandria, Va. 


For joining metal, glass, ceramics, plastics, wood and 
other rigid materials to each other, thermosetting resin 
adhesive (A-1) contains no volatile solvent and does not 
shrink or swell upon hardening. Adhesive is supplied in 
two parts, a reddish brown resin composition and liquid 
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ADJUSTABLE TIMING MACHINE FOR SEQUENTIAL CONTROL 


HIGH TEMPERATURE STYRENE-COPOLYMER POTTING RESIN 


THERMOSETTING ADHESIVE CONTAINS NO VOLATILE SOLVENTS 








compound has somewhat shorter storage life. Plaskon 
Div., Libbey-Owens-Ford Glass Co., 2137 Sylvan Ave., 
Toledo 6, Ohio. 








For interrupting electrical cur- 

rents in cycles from 0.50 sec 

to 2 min for any desired ar- 

rangement of coded pulses. 

Contacts of interrupter have a 

rating of 742 amp at 110 
volts a-c. 








current-carrying capacities. Model shown provides 28 


circuits (cam make-and-break combinations) and occupies 
a space of 22x6x6 in. Stromberg-Carlson, 106 Carlson 
Rd., Rochester 3, N. Y. 






Elasticity Medium 
Tensile strength Good 
Impact resistance Good 
Machineability Very good 
Castability Very good 
(slight surface inhibition) 
Shrinkage, per cent 6 to 8 
Cure time, hr 48 to 72 
Specific gravity ..275 
Viscosity, centipoises@ 25C 1500 
Heat distortion, C Above 170 


Heat stability. C Up to 180 (slight surface 
checking at 180 C) 


—65 C (ambient) to 
170 C (hotspot) 


Temperature range for 
potted unit 


Water resistance @ 25 C, 
per cent wt gainin 24hr 0.54 


Solvent resistance Good except for acetone 








activator, which are mixed together prior to use. Two 
liquid activators are available, one a fast reacting type with 
a rapid set (pot life of 20 to 30 min) and a slower reacting 
type (pot life 4 to 5 hr). At room temperature adhesive 
will develop half strength in 12 hr with fast activator and 
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/) daptability... 


EMC ann Gclohem 


the right motor at the right price! 


Chances are, you'll find the fractional h.p. 
motor you’ve been looking for in 

one of the dozens of motors available 

in an EMC or Cyclohm model. 


Here’s Why... 


EMC commutator brush type motors and 
Cyclohm induction motors cover the field. 
Every model has been designed with you in 
mind. That means easy adaptability to 
your particular power problems. Whether 
it is medium size or downright diminutive, 
every EMC and Cyclohm fractional h.p. motor 
is a dependable, compact, efficient unit 
designed to do a job at the minimum cost. 
If your product needs fractional h.p., 
write today for handy reference literature 
and specification sheets. Two to one, you'll 
find the right motor at the right price. 


HOWARD 






















pivisions: [\() ELectRIC MOTOR CORP. x G/clohn CYCLOHM MOTOR CORP. 
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24 to 36 with slow activator. Full strength develops in 
a week, but a temperature of 100 F will cure adhesive at 
twice the rate for room temperature. For many applica- 
tions rapid cures may be made in an hour or two at the 
maximum curing temperature of 200 F. After curing, glue 


INTEGRAL HP D-C MOTOR WITH 


In one to 30-hp ratings, Type SK d-c Life-line motors in 
NEMA frame sizes 203 to 365 have all steel construction 
for 115, 230, 550 or 600 volt operation. Motors can be 
supplied with shunt, compound or series windings. Shunt- 
wound type can be used at constant or adjustable speeds 





for such applications as machine tools, fans, blowers and 
centrifugal pumps; series-wound types for continuously 
connected variable-speed applications such as hoists, cranes 
or other loads requiring high starting torque and rapid ac- 
celeration with high return speed; compound-wound types 
for variable-speed applications, high starting torque, rapid 
acceleration and wide load fluctuation such as on jaw 
crushers, compressors, reciprocating pumps, winding ma- 


line is resistant to much higher temperatures. At room 
temperatures, shear-block test gives values of 3000 to 5000 
psi; tensile strength, 2000 to 3500 psi; at 200 F strength is 
about 50 per cent of maximum. Armstrong Products Co., 
Warsaw, Ind. 


ALL STEEL CONSTRUCTION 





200;-——___—— 
SERIES --- 











wd 
> a 
o = '8°F compounn — 
Bal SHUNT — — 
- 7 
aD ¥ o 
~ w 
ee a 
20 ” 
g 
200 100 § 
4 
o 4 
150 S 
60 uw 
100 et 
40 
50 
20 
© 0 


so 175 200 


% FULL LOAD CURRENT 
Speed-torque curve for shunt, series and compound windings. 


chines, punch presses and conveyors. 

Approximate full load base speeds are 3500 to 575. Tem- 
perature rise for an open continuous duty constant-speed 
motor is 40 C. Open coil construction and longitudinal air 
ducts through armature expose cooling surfaces to air 
stream and prevent hot spots. Form-wound mica-insulated 
armature coils are dipped and baked in varnish, providing a 
semi-flexible, hard surface. Field coils are wound on rigid 
Micarta spool; vacuum impregnated with a thermosetting 
varnish to eliminate air pockets. Bearings are prelubricated 
and sealed-for-life. Westinghouse Electric Corp., P.O. Box 
868, Pittsburgh 30, Pa. 


CLASS B ELECTRICAL INSULATING CARRIER SHEET 


Specifically developed for use as a Class B (hot-spot 
temperatures to 130 C) electrical insulating carrier sheet 
to be combined with other electrical insulating sheets or 
films, Quinorgo #4000 contains 80 per cent specially puri- 
fied and processed asbestos fibers, the remainder being 
organic fibers and binders. Composition gives better 
absorption and penetration than previous type (Quinorgo 
#3000) made by manufacturer last year. Reduced absorp- 
tion and penetration characteristics are due to a small 
amount of resin (3 per cent or less) not present in earlier 
type. 

Because of reduced absorption and penetration, shellacs 
or other adhesive mixtures can be spread on one side of 
sheet without striking through to the reverse side. At same 
time, opposite surface remains ready for absorption of 
treating varnishes used in further processing of equip- 








' Tensile strength, 
Nominal Wt per (machine | Dielectric 
thickness, 100 sq ft, | direction) (min.), 
in. Ib | Ib per in. width VPM 
0.005 7 15 300 
0.007 2:3 19 300 
0.010 4.0 21 250 
0.015 5.7 28 200 
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Insulation may be combined with other organic or inorganic 
insulating sheets or films. Sheet at far right is a plain piece 
of Quinorgo #4000. 


ment. Thus it may be assembled with organic or in- 
organic electrical insulating sheets or films such as mica, 
glass cloth, plain or varnished cambric, Cellophane, Koda- 
pak, rag and kraft papers. Photograph shows, from left to 
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LUMARITH acetate) PLASTIC... 
PRICED THE LOWEST IN ITS HISTORY 


The new low price of Lumarith will be good news to manufacturers of products that 
require maximum plastic quality without the penalty of high cost. 

Lumarith is cellulose acetate—tough, shatterproof, machinable, fast-molding and free 
from objectionable odor. Lumarith can be molded with thin cross sections at consequent 
saving in weight and cost, and still produce products that are tougher. Breakage in 
shipment, counter damage and dust attraction, rejects and returns and customer 
dissatisfaction are practically unknown with Lumarith. 

Lumarith is easier to machine—to punch, drill, cut and cement without danger of 
stress crazing and fractures. 

We invite you to show this advertisement to a Celanese representative and ask him to 
substantiate it with case histories and price data. 

Celanese Corporation of America, Plastics Division, Dept. 5-A, 180 Madison Avenue, 


New York 16, N. Y. 
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h il right, Quinorgo #4000 combined with Kodapak, kraft 
Chec t e Sol paper, mica and varnished cloth. Insulation sheet ig { 
available in continuous rolls in widths up to 36 in. ang 
in sheets cut to size; table gives other pertinent data, 
Whise-eullé do pau Ged most dificeh: to comove Johns-Manville Corp., Box 290, New York 16. 

from metal surfaces? For free information about PRESSURE SWITCH 
better metal-cleaning methods, mail the coupon 


and mail the coupon 


to Oakite Products, Inc. 18H Thames St., New Level control of moderate heads of water or other 
York 6.N.Y liquids without the use of floats can be accomplished by 
rors this pressure switch. Flexible in range, switch may b 
mm omen ’ 
—_— a awe eS aaa = set to operate on heads from 6 to 14 in. and to reset on 
sidues heads as low as 1% in. Designed for sensitivity to specifie 


() buffing compound re 
g compounds 


(1 carbon smuts 


pressures, turbulence and mechanical vibration do not 
oO pigmented drawin 


oils and greases 
: heat scale C) flux residues 
| hea 
() rust 
0D other GOMES «4-0 00ceeorrerer ener’ 


| 
| 
| 
() rust preventives | 
Metal to be eponmelt ....vecoreeseserre°*® | 


~seneree? 
nee Se 


COMPANY 


ADDRESS. «92 


SPECIALIZED OAKITE 


v. 8. PAT. OFF, 


INDUSTRIAL CLEANING MATERIALS - METHODS - SERVICE 


affect operation and switch will withstand moderate over. 
load pressure or vacuum without injury or recalibration 
Furnished in two basic types for fixed or variable levels 
Actuating force is transmitted by a special diaphragm and 
pressure plate to a SPDT snap-action switch rated at 6 
amp, 125 volts a-c inductive load. Soreng Manufacturin 
Corp., 9555 Eden Ave., Schiller Park, Ill. 


SPECIAL 
MOTORS for 


3774711 





MANUAL AUTOTRANSFORMER STARTER 


Designed for squirrel-cag 
motors, manual autotransformer 
starter is available in four sizes 
from 5 hp, 220, 440 or 550 volt 
to 250 hp, 440 or 550 volt; 25, 
50 and 60 cycles. Switch mech- 
anism operates with a quick 
make and break action. Two au- 
tomatic-reset overload relays | 
are standard equipment on all 


JOBS! 


GET” Desendable Power WITH CUSTOM-BUILT 









| al 

starters. Two forms are avail- 

ELECTRO FRACTIONAL H.P. MOTORS! | able: Form T with air-break 
@ Although we have been building stand- > 4c ; Se = Form Xx = " 
ard fractional H.P. motors for years, the | immersed. Conversion to oil-immersed operation require th 
majority of our production is taken by only the addition of a standard oil tank; overall dimensions fi 

manufacturers whose basic product | remain the same. Time-delay under-voltage release is 
design or end-use requires special features. | standard on largest size and optional on smaller sizes. | 
We are providing such service to many All starters have an adjustable time-delay mechanism for Vi 
leading names in industry, and would be controlling length of accelerating period before switching K 
pleased to consult with you on your motor from starting to running taps; period is adjustable . 
motor design problems. from 0 to 15 sec. Allen-Bradley Co., 1316 S. Second St, 
; : re 

Milwaukee 4, Wis. 
Write for Catalog and Prices © 58 No. Third St., Cedarburg, Wis. al 
MIDGET ELECTROLYTIC CAPACITOR 

“eres Miniaturized electrolytic capacitors, Type SRE, are 
E eI iF ev Ri ft especially designed for hearing aids, cathode by-pass appli- C 
cations, screen-filter circuits and personal radios where d 


MACHINES, INC. space is at a minimum. Hermetically sealed in tubular 
aluminum cases with wax-impregnated cardboard insulating 
jackets. Stud terminals provide maximum creepage dis- 


Standard or Designed to Your Specifications | tances between terminals and can; No. 18 gage tinned- 
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So valuable in engineering 
,.-d Kodagraph Micro-File Machine 





@ It microfilms your drawings 
—old or new—automatically . . . 
with precision and accuracy. 


@ It is easy, economical to op- 
erate... records 675 24x 36-inch 
drawings, for example, on a 100- 
foot roll of 35mm. Kodagraph 
Micro-File Film: 


@ It allows you to destroy old 
records, drawings ... reclaim 98%, 
of your filing space. 


@ It increases protection .. . 
simplifies and speeds reference. 


MAIL COUPON FOR 


img AN ENGINEERING DRAWING... Or any document— bound 
FREE BOOKLET 


or unbound—on the copyboard ... touch a foot-switch... 
and the Kodagraph Micro-File machine does the rest— 
Eastman Kodak Company 


Industrial Photographic Division 
Rochester 4, N. Y. 


It photographs your material at tremendous reduction ... 
records it on a compact roll of film which requires only 2% of 
the original storage space ... which can be filed at your 


finger tips ...or stored in the vault, if you wish. Please send illustrated literature about the complete 


; 5 , line of Kodagraph Micro-File equipment. 
You can refer to these film records quickly, conveniently ... 


view each image enlarged sharp and clear on the screen of the 

Kodagraph Film Reader. And there’s this advantage, too: With 
a Kodagraph Micro-File Enlarger, you can readily make large 

reference-size prints of maximum legibility—directly from 

any filmed image. 


Name -— 
please print) 


Department 


Now available —4 different models 
of Kodagraph Micro-File Machines 


Company 
Created for the wide range of requirements in engineering 

departments—each is a precision machine . .. designed by Kodak 
-».made by Kodak... for simplified, economical microfilming. 


EASTMAN KODAK COMPANY 
Industrial Photographic Division, Rochester 4, N. Y. 


Street 


“Pp os 
Kodak” is a trade-mark 





DO YOU KNOW? 


—that a PILOT LIGHT 
CAN IMPROVE YOUR PRODUCT 


. « add attraction—safety—service ? 


— what lamp to use 
— how to use it 

— what it will do 
— what it will cost 


THIS MAY BE THE ONE 
Designed for low cost NE-51 Neon 
@ Built-in Resistor @ Patented 
@ U/L Listed @ Rugged 


Catalogue Number 521308 — 997 
for 110 or 220 volts. 


SAMPLES 
for design purpose 
NO CHARGE 


NEW! sixsiosoox oF phot cers.” 


Write us on your design problems. 





Foremost Manufacturer of Pilot Lights 


The DIAL LIGHT COMPANY 


of AMERICA 
900 BROADWAY, NEW YORK 3, N, Y. 





IF you have a relay problem 
requiring low cost, small size 
and dependable performance... 





er 


...take a look at R-B-M Renal 
Purpose AC and DC Relays 


WRITE FOR BULLETIN AND PRICE LIST 
Dept. A-1, R-B-M DIVISION OF ESSEX WIRE CORP. 








copper leads. Capacitors comply with RMA requirements 
for d-c leakage-current limits, surge-voltage, ratings and 
operating temperature ranges. When used within specified 
ratings, life is comparable with that of larger electrolytics. 
Aerovox Corp., New Bedford, Mass. 


REVERSING SINGLE-PHASE MOTOR 


Single-phase, instantly reversing %4-hp motor includes 
a recently announced Reverswitch (ELEcTRICAL MANv- 
FACTURING, September 1949, page 128) as an integral part. 
It starts in either direction, reverses instantly according to 
the manufacturer, and may be allowed to stop normally or 
plug to a stop With a built-in control switch. Thus, motor 
operates much like a three-phase motor. Other features 





are shielded ball bearings, automatic overload protection, 
totally enclosed design, and resilient mounting. Capacitor- 
start motor has a NEMA #56 frame size, operates on 115 
volts and has a full-load speed of 1725 rpm. Applications 
include home craftsmen tools, lathes, hoists, conveyors, 
overhead doors, window displays, washing machines, 
grinders, power rollers, X-ray tables, testing machines and 
automatic machinery. Iron Fireman Manufacturing Co., 
Heating Control Div., 2838 SE 9th Ave., Portland, Oregon. 


PANEL METER 


One basic 1% in. diam panel meter can be used for 
several ranges by adding external accessories, and by 
changing the face plate. Manufacturer states that the 
meter has been designed to meet Government specifications; 
can be supplied with either a watertight seal, or a hermetic 
seal with solder-sealed terminals and crystal. Can be 
furnished either shielded or unshielded. Length of scale 
arc is 1.30 in. Special scales to meet user’s requirements 





can be furnished. Wide variety of self-contained ranges 
available: d-c ranges from 50 to 500 microamperes; from 
1 to 500 ma and from 1 to 15 amp. External shunts with 
leads permit higher ranges. Included in the self-contained 
ranges are 25 to 1000 mv, from 1 to 500 volts, with highet 
ranges obtainable by adding external resistors. Rectifier 
type a-c meter supplied in ranges from 1 to 500 volts a-¢, 
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OW CAN MAGNET WIRE, even Silotex*, with- 
stand continuous operation at extreme 
high temperatures P 


The answer is in war-developed silicones, 
now brought to the magnet wire field by 
Anaconda in amazing glass insulated Silotex— 
bonded with silicone varnish. Such insulation 
qualifies for the new A.I.E.E. high-tempera- 
ture rating of “Class H”...180°...a140° rise 


- 


Py 


a 


wa 
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in temperature over an ambient 40° C! 


Even at operating temperatures around 
180° C, here’s what Silotex offers: Greater lite 
expectancy, greater over-load protection im- 
munity to ambient temperature, greater mois- 
ture resistance, reduction in fire hazard. For 
complete information on the properties of 
Silotex, write to Anaconda Wire and Cable 
Company, 20 N. Wacker Drive, _ 6, iil. 


mccetrotee SILOTEX 22% 


SILICONE BONDED 
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tency and -durabilty of the. 





with TRACING CLOTH... 


The small extra first cost.of Arkwright 
Tracing Cloth, over that of tracing 
paper, repays many times over in the 
efficiency and durability of valuable 
drawings. 


Your investment in Arkwright Tracing Cloth is a 
trifling sum, compared to its returns in drawings kept 
permanently sharp and repeatedly useful! 


Foresighted drafting departments regularly specify 
fine-woven, expertly bonded Arkwright, rather than 
perishable tracing paper, for every drawing worth 
keeping for possible future use. 


Read the Big Six Reasons why Arkwright Tracing 
Cloth eases work, improves jobs, resists wear and 
time. Then send for generous samples and prove this 
superiority on your drawing board. Sold by leading 
drawing material dealers everywhere. Arkwright 
Finishing Company, Providence, R. I. 


The Big Six Reasons Why 
Arkwright Tracing Cloths Excel 
1. Erasures re-ink without feathering. 
2. Prints are always sharp and clean. 
3. Tracings never discolor or go brittle. 
4. No surface oils, soaps or waxes to dry out. 
5. No pinholes or thick threads. 


6. Mechanical processing creates permanent 
transparency. 





aeons CLOTHS. 


= ge ga FOR ‘OVER 25 YEARS 
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completely self-contained. Accuracy of meter is said to 
be + 5 per cent for a-c ranges. International Instruments, 
Inc., 331 East St., New Haven 11, Conn. 


ACRYLIC MOLDING POWDER 


Soft-flow acrylic molding powder, Plexiglas VS, is said 
to offer exceptional moldability combined with water-white 
clarity. Physical and chemical properties are similar to 
those of medium-flow VM powder. Heat distortion tem. 


1.49 
1.18 
8000 


Refractive index 
Specific gravity 
Tensile strength, psi 
Flexural strength, psi 13,000 
Compressive strength, psi 11,000 
Impact strength, Izod molded notch, ft-lb 0.5 
Rockwell number M-68 

Flow temperature, C 127 
Shrinkage, mils per in. 2-5 
Dielectric strength, volts per mil 460 
Dielectric constant @ 1,000,000 cps 2.8 

Power factor, per cent @ 1,000,000 cps 3.2 

Loss factor @ 1,000,000 cps 0.09 

Arc resistance No tracking 





perature under standard ASTM test (2 C per min at 264 
psi) is 66 C, as compared with 79 C for type VM. Ease 
of working is said to promise lower molding temperatures 
and faster cycling. Rohm & Haas Company, Washington 
Square, Philadelphia 5. 


SMALL VARIABLE-SPEED TRANSMISSION 


Midget variable-speed 
transmission, Model 10, 
delivers all speeds from 
maximum to zero and is 


applicable to instruments, 
recorders, timers, small 
mixers, office machinery 


and light conveyors. Stan- 
dard lever-type of control 
as shown here is suitable 
for connection — through 
linkages to automatic cot 
trol devices—mechanical, 
hydraulic, electric and pneumatic; micrometer-type control 
may be obtiined when fine adjustment is required. When 
driven at 2700 rpm without reduction, transmission delivers 
speeds from 1800 rpm to 0 with a torque of 50 in.-0z 
Models supplied with built-in reduction gear boxes, with 
ratios from 5:1 to 1000:1 and torques up to 250 in.b 
Transmission operates on the cone and ring principle 
Steel-alloy traction rollers are supported in a spider of 
roller carrier that turns at input speed. Tapered rollers 
are loaded centrifugally or through use of springs against 
a hardened and ground traction ring which is mov 
lengthwise (in the housing) to change speed. Pinions 
fixed to end of tapered rollers mesh with an internal geaf 
cut on output shaft of transmission. Graham Transmis 
sions Inc., 3754 N. Holton St., Milwaukee 12. 


RECEIVING TUBES 


Five tubes, a pentagrid converter, an a-f amplifier, a rf 
amplifier for TV, a horizontal-deflection amplifier for T 
and a high vacuum rectifier, have been added to line of 
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For your finest 
electrical products 


Me Lest 
ettica steels 


@ Every step in the production of U-S-S Electrical 
Steel Sheets is subject to careful inspection and control 
by our staff of engineers and metallurgists. That is why 
manufacturers who use these special steels to build 
electrical equipment can rest assured that each type of 
steel is best qualified to serve the purpose for which it 
is to be used. . 

Among the major requirements in an electrical steel 
sheet are uniformity in core loss, permeability, flatness, 
suitable ductility for shearing or punching, thin, 
tightly-adhering oxide, smooth surface and uniform 
thickness. In order to meet these major requirements, 
it is obvious that extraordinary care must be exercised 
in their production. Other sheets must meet some of 
the above mentioned requirements, but electrical 
sheets, used principally as laminations, must meet them 
all to give maximum efficiency in the production of uni- 
form laminated structures. 

U-S:S Electrical Steel Sheets meet these require- 
ments. They also help you produce the highest quality 

















ble =electrical equipment at the lowest possible cost. 

gif FOR COMPLETE INFORMATION, write today for your 
mf free copy of the latest edition of a book which is rapidly 
al, becoming the bible of the electrical industry, “U-S-S 
Of Electrical Steel Sheets—Engineering Manual No. 3.” 
: Use the coupon at the bottom of this page, or simply 
on {Write on your company letterhead to Carnegie-Illinois 
ith } Steel Corporation, 2109 Carnegie Building, Pittsburgh 


30, Pennsylvania. . 









CARNEGIE-ILLINOIS STEEL CORPORATION, PITTSBURGH AND CHICAGO 
COLUMBIA STEEL COMPANY, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL, IRON & RAILROAD COMPANY, BIRMINGHAM, SOUTHERN DISTRIBUTORS 
UNITED STATES STEEL SUPPLY COMPANY, WAREHOUSE DISTRIBUTORS, COAST TO COAST 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
nis 
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ELECTRICAL STEEL SHEETS 





Electrical Steel Sheets are 
Specialty Products 


Their specialty lies not only in their application, 
but also in their chemical composition, treatment, 
surface condition, mechanical properties and mag- 
netic performance. From open hearth steel furnace, 
through each production process to final inspection 
and tests, great care and skill are devoted to pro- 
ducing electrical steel sheets that meet the many 
exacting requirements of their specifications. As a 
result of this care and skill, U-S-S Electrical Steel 
Sheets are accepted by most electrical engineers 
as the finest electrical sheets available anywhere. 





r——MAIL COUPON TODAY FOR YOUR FREE COPY-—— 


Carnegie-Illinois Steel Corporation | 
2109 Carnegie Building | 
Pittsburgh 30, Pennsylvania 


‘ Please forward my free copy of ‘“U-S:S ELECTRICAL STEEL 
SHEETS, ENGINEERING MANUAL NO. 3.” It is understood that | 
I incur no obligation. | 
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‘Select exactly the right 
semi-tubular, split rivet, or cold- 
headed fastener from Milford’s com- 
plete line. You'll find it pays in 


every way! 


Then use the right rivet set- 
ting machine for your application. 
One of Milford’s 15 basic machines 
is sure to solve your particular 
problem . . . and slash your pro- 
duction costs! 

WRITE TO DEPT. E 


& MACHINE COMPANY 
HATBORO, PENN. 


ELYRIA, OHIO 
MILFORD, CONN. 


LARGE! 


SMALL9 













Size alone offers few limita- 
tions to Universal's production 
ef your porcelain insulator needs. Produced in any desired 
quantity, to your specifications, you are assured precision 
molding, high dielectric factor, physical strength to withstand 
shock and resistance to heat, cold, moisture, fumes and acid 
—every quality of fine porcelain. A Universal engineer will 
be glad to assist you in developing insulators to fit your 
needs. Your inquiry will receive prompt attention. 


1540 EAST FIRST STREET 


CLAY PRODUCTS CO. 
SANDUSKY, OHIO 
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receiving tubes. Miniature pentagrid converter, 1L6, is 
for use in portable radios. Characteristics: 1.4 volt d-c 
filament rated at 50 ma; operated from 90-volt B supply 
with a plate current of 0.50 ma. Miniature a-f amplifier, 
12AY7, is a T6% medium-mu duotriode suitable for use in 
first stage where absence of noise and microphonics is 
desirable. Tube has a center tap for use with 6.3 or 12.6 
volt source. Miniature r-f amplifier, 6BC5, is a T5%4 sharp 
cut-off pentode having high mutual conductance. Tube is 
equivalent to 6AG5 except for higher gain. Horizontal- 
deflection amplifier, 63Q6GT, is for transformer operated 
TV sets, where high peak interelectrode voltages are en- 
countered. High-vacuum rectifier (7X6) is a locked-in 
type with a 6.3 volt heater rated at 1.2 amp; maximum 
rated output is 150 ma. Tube has separate cathode leads. 
Sylvania Electric Products Inc., 500 Fifth Ave. New 
York 18. 


A-C MOTOR STARTERS 


Line of a-c magnetic starters designed to conform to 
latest NEMA standards for industrial control has standard- 
ized wiring and mounting dimensions to simplify engineer- 
ing, installation, and maintenance of machine controls. 
Sizes 0, 1, and 2 open-type contactors and starters have 
holding-circuit interlocks located to left of vertical center- 
line, as specified by NEMA for Size 3 and smaller. Other 
design features on Size 0 up through Size 3 include straight- 
line guided motion of armature and movable contact as- 
sembly. Double break, silver-to-silver contacts are readily 
accessible for inspection and replacement without removing 
wiring. Design permits quick coil removal with only a 
screw driver. Square D Co., Industrial Controller Div., 
4041 N. Richards St., Milwaukee 12, Wis. 


SOLENOID-OPERATED VALVE 


Suitable for oil or oil vapor 
at temperatures up to 1000 F 
and for steam, water, air and 
gas at temperatures up to 
850 F. Valve is packless and 
has only three moving parts; 
operates from a 6-volt storage 
battery. To open valve, sol- 
enoid is energized momen- 
tarily pulling armature up. 
When the armature is lifted 
the pilot valve opens and is 
held open by permanent mag- 
nets. To close the valve, the 
lower solenoid is energized to pull the armature down and 
close the pilot valve. Rod-like member in the piston acts 
like a timing valve; can be adjusted for variable closing 
to eliminate water hammer. Body of valve shown is forged 
steel; however, other alloys may be obtained for special 
applications. Disk and seat of valve is made of a wear 
resisting alloy. Sizes range from % to 10 in. for screw 
or flange mounting. Hoppe Engineering Inc., Greens- 
boro, Ind. 





BLIND RIVETS 


Two blind rivets, designated as PT (pull-through) and 
9SP (self-plugging) types, are available in 1%, 52, %e and 
yY% in. diam. Both are regularly furnished in aluminum 
alloys or cadmium-plated mild steel, with brazier or 100 
deg countersunk heads. Rivets have no minimum grip 
limitation, and the self-plugging type blind rivets have 4 
grip range of 0.140 in. for any grip increment. Positive 
shank expansion provides ample hole-filling to meet all 
normal requirements. Pin tail of the rivet-is provided with 


ELECTRICAL MANUFACTURING 














JANUARY 1950 





“One of the best ways to enhance a product's 
sale-ability is to design with materials that sym- 
bolize top quality and fabricate readily at low 
cost.” 

Hussey Copper exactly answers these require- 
ments because its durability, efficiency and 
lasting beauty are acknowledged characteristics 
of finest quality to the buyer. To the manufac- 
turer, Hussey Copper means versatility, good 
electrical and thermal conductivity, easy form- 
ing, stamping, turning or spinning, and simpli- 
fied fastening by soldering, brazing, riveting, 
bolting—or even by lamination to other ma- 


terials. These characteristics spell manufacturing 








ale- ability | 


economies that make low production costs en- 
hance sale-ability. 

Design with an eye to sale-ability of your 
finished product. Design with Hussey Copper 
to help keep production costs low enough to 
assure a fair retail price. You will find a ready 
supply of Hussey Copper in any of the seven 
complete Hussey Copper Warehouses. 


C.G. HUSSEY & COMPANY 
(Division of Copper Range Co.) 

ROLLING MILLS AND GENERAL OFFICES: PITTSBURGH, PA. 
Hussey Warehouses carry stocks of Copper and Brass Products for Prompt Shipment 
7 convenient warehouses to serve you promptly! 
PITTSBURGH, 2850 Second Avenue « CLEVELAND, 5318 St. Clair 
Avenue « NEW YORK, 140 Sixth Avenue ¢ CHICAGO, 3900 N. Elston 


Avenue ¢ ST. LOUIS, 1620 Delmar Boulevard ¢ PHILADELPHIA, 
1632 Fairmount Avenue « CINCINNATI, 424 Commercial Squere 
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MICA PLATE 


for DOMESTIC ELECTRIC APPLIANCES 
© A composite, Inorganic-bonded highly-integrated mica insulat- 
ing material built-up from mica splittings, and approximating raw 
mica in all physical properties. 

® Completely inorganic, odorless, and smokeless. 

High mechanical strength and integration. 

High dielectric strength. 

High durability and moisture resistance. 

Resistant to temperatures up to redness without change. 
Does not react chemically with resistor materials. 

Unaffected by oils or organic solvents. 

Available in large sheets or full-size punchings. 

Can be stamped cleanly to specified design. 

Engineering service available to help solve your insulating 
problems. Test samples and complete information on request. 


NEW ENGLAND MICA COMPANY 


Incorporated 
30 WOERD AVE., WALTHAM. MASSACHUSETTS 
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New Durakool Mercury Timer 
Relays are doing things here- 
tofore thought impossible. 
Stops or starts, from .15 to (7 
20 second delays, millions of 
clean contacts assured. Non- 
breakable, non-explosive, non- 
Corrosive. Durakool helps you 
engineer the application. Ask 
for technical Bulletin 800. 


DURAKOOL, INC. 
Elkhart, Indiana 
Canadian Representative 


Controlite Eng. & Sales, Ltd. 
; Toronto 5, Ont. 
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pull grooves, to assure positive driving. Once inserted in 
the gun, they cannot wobble, fall out, or move to cause 
improperly-driven rivets; pulling section will not break off 
prematurely in driving. Huck Manufacturing Co., 2480 
Bellevue Ave., Detroit 7. 


FRACTIONAL AND SMALL HP CLUTCHES 


Centrifugal clutch coupling for washing machines, re- 
frigerators, home shop equipment, blowers, fans, oil burn- 
ers and generators. Each unit can be adjusted by the user 
for a wide range of capacities and drive characteristics. 
The versatility is accomplished by adjusting the friction 
segments, called shoes, and springs. Clutch enables the 
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motor to start free of external load thereby reducing motor 
starting current; motor can be selected for running rather 
than starting load; automatically, protects motor from shock 
at starting and overload. Two models are available: pulley 
and coupling types. Bores range from % to 1% in. Horse- 
power ratings are from %e to 20 hp. Various pulleys can 
be obtained for use with the pulley type. The Centric 
Clutch Co., 22-26 South Ave. West, Cranford, N. J. 


CONNECTING STRIP TERMINALS 

For connecting to barrier terminal strips, connecting 
strip terminals hold wires in correct order eliminating 
color coding and speeding up assembly. Terminals of 0.032 
in. cadmium plated brass are permanently attached to a 
phenolic plastics strip. A hole in either end allows the 
cable to be fastened to the strip by a cable clamp or lacing 
twine. Strips are available that have 2 to 21 terminals 
mounted on 3%, “46 or %e in. centers. Right angle mounting 
strips can be supplied also. Howard B. Jones Div., Cinch 
Manufacturing Corp., 1026 S. Homan Ave., Chicago 24. 


MINIATURE RELAY 

Telephone-type relay designed to reduce size but pre 
serve many of the features of the larger models. TKL re- 
lay has contact combinations up to four-pole double-throw. 
Contacts can be either silver or palladium and are rated 
at 1 amp 115 volts a-c or 1 amp 32 volts d-c noninductive. 
Coils may be supplied for any operating voltage up to 
115 volts d-c. Size: 1%e2 x ®%s x 11% in. Coil is of the 
cellulose acetate sealed construction giving relay resistance 
to humidity and moisture. Available in hermetically sealed 
enclosures. American Relay & Controls, Inc., 4926 W. 
Flournoy St., Chicago 44. 


TV AMPLIFIER AND RECTIFIER TUBES 


Horizontal-deflection amplifier tube 6AU5-GT and high- 
voltage miniature rectifier tube 1V2 permit substantial 
economies in design of magnetic-deflection systems for 
receivers having 10 and 12-in. picture tubes. The 6AU5- 
GT is a high-perveance, beam power amplifier of the 
single-ended type. Features include low mu, high plate 
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THE 
SHADED POLE 
MOTOR 


Apply then: 























QUIET, SIMPLE, DEPENDABLE... .The Shaded Pole Motor 
is the simplest and the lowest in cost of all motor 
types. A copper strap around a portion of each coil 
provides for starting; no centrifugal or cut-out 
switch is required. There is no commutator; there- 
fore no radio interference—and the only wearing 
surfaces are those of the bearings. 


STARTING TORQUE; VENTILATION... Starting torque is 
about one-third of the full-load torque, and effi- 
ciency is low—resulting in “hot” operation except 
for extremely small motor sizes (usually below 
1/75-h.p.), or unless motors are on fan service with 
air over. Motors in the larger range always require 
special ventilation for continuous operation. 


SPEEDS; SIZES; CONTROL... Onfan-type duty, variable 
speed control is possible through tapped windings 
or through the use of external reaction coils. Motors 
of this rugged construction are made in standard 
speeds of approximately 3000, 1550, or 1050r.p.m.; 
in horsepowers from 1/250 to 1/20 and, occasion- 
ally, somewhat larger. They are vot reversible. 


R&M APPLICATION SPECIALISTS IMPROVED PERFORMANCE HERE 


ADAPTABLE FOR USE ON: 


Desk Fans; Ventilating Fans; Humidifiers; Small 
Blowers; Hair Driers; Unit Heaters; Small Pumps; 
Signal & Timer Systems. 


TYPICAL PERFORMANCE — 1/25-h. p. Motor 


Maximum Torque—3.06 oz. ft. Starting Torque—0.69 oz. ft. 

Full Load Torque—2.09 oz. ft. Full Load, watts—101 

Full Load Speed—1610r.p.m. Efficiency —29.7% 
Temperature Rise, continuous duty* — 130° C (Excessive) 


Temperature Rise, fan duty—45° C 


*Mechanical load; no air driven over or through motor. 





R & M Shaded Pole Motors are made for 
every type of mounting—round body; ex- 
tended through-bolts; flange; rigid base 
(illustrated); and resilient hub-mounted base. 


ROBBINS « MYERS: INC. 
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This blower unit for a piece of hospital 
room life-saving equipment is an ideal 
application for Shaded Pole Motors. 
First, the Shaded Pole Motor is quiet— 
for the comfort of the patient. Second, 
simplicity and stamina mean depend- 
ability and freedom from frequent main- 
tenance. 


Before Robbins & Myers got in on 
this job, 1/75-h.p. motors were being 
used, and they were running too hot. 
An R & M test of the equipment showed 
1/150-h.p. motors as being more suit- 
able. Resulting lower operating temper- 


MOTOR 


Springfield 99, Ohio « Brantford, Ontario 


atures aided the customer in obtaining 
Underwriter’s Approval and, at the same 
time, effected a substantial reduction in 
the cost of the motors themselves. 


Why not put your powering problems 
up to R & M application specialists—for 
economy as well as performance! 
Whether it’s motors or motor parts, you'll 
find R & M ready with progressive ideas 
and cooperation it’s a pleasure to work 
with. Robbins & Myers is big enough 
to serve your every need completely— 
yet not too big for flexible, low-cost pro- 
duction. Address Dept. C-150, 


DIVISION 
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Winner 
and Still 


Champion 


DANO 
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Coil 


True champions because they stand up 
to every test, Dano coils are the wide 
odd favorites of experienced engineers 
who seek coil perfection. Dano offers 
a “knock-out” production job on all 
coil counts. 


Completely set up to furnish coils to 
your exact specifications, Dano also 
offers specially treated coil windings 
deeply impregnated with wax or varnish 
in vacuum impregnation tanks and 
cured in heat controlled ovens. 


Get real championship performance in 
coils. Specify Dano. 


@ Form Wound 
@ Paper Section 
@ Acetate Bobbin 


@ Bakelite Bobbin 
@ Cotton Interweave 


@ Coils for High Tem- 
perature Applications 


ALSO 
TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 








current at low plate voltage, and high operating ratio of 
plate current to second-grid current. The 1V2 is a high. 
voltage, half-wave rectifier tube of the single-ended 9-pin 
miniature type. When used in a doubler circuit which is 
transformer coupled to a horizontal-deflection circuit em. 
ploying the 6AU5-GT, the 1V2 is especially suited for 
rectifying the high-voltage pulses provided by the trans- 
former, and thus supplying the high d-c voltage for the 
anode of the picture tube. Tube Dept., Radio Corporation 
of America, Harrison, N. J. 


OSCILLATING TRANSMISSION 


Power transmission converts and 
reduces a constant speed input to a 
quick-reversing action interrupting 
rotation of the output shaft every 45 
deg of travel. Interrupting action is 
a short back-up motion occurring 
approximately eight times in one 
complete revolution of output shaft. 
Originally designed as a machine 
tool accessory to perform honing and 
lapping operations, the Augur Move- 

creunvt ment is adaptable as either a power 
ee nae transmission or an agitator for tum- 
bling barrels, screw-feed stokers, cement mixers, amuse- 
ment rides, washing machine agitators, rotating displays, 
deep well drills, source agitation in plating solutions—in 
mixing paints, varnish, and other chemical compounds— 
and in shake-out screens and hopper feeds. Movement 
has been designed to operate at any specified speed from 
any rotary power source. Factory-sealed in an aluminum 
housing, units are permanently lubricated to assure long 
service life at continuous operation. Three standard sizes 
are available, and special sizes can be supplied on request. 
Metal Seal & Products, Inc., 21827 St. Clair Ave., Euclid 
17, Ohio. 





SENSITIVE RELAY 


For switching heavy a-c loads with small d-c controlling 
currents. Type “JMS” relay is suitable for locations sub- 
ject to sudden jolts, constant vibration or tilting. Smnap- 
action enclosed switches (may have one or two) will con- 
trol 10 amp at 125 volts or 5 amp at 250 volts. Other 
specifications: residual, lock screw either adjustable or 
welded; finish, cadmium finish on ferrous parts; mount- 
ing, may be mounted on relay mounting bases or strips 
as well as on mounting bars or individual brackets; dimen- 
sions, 24 x 1% x 2 in. Operating voltages from 6 to 
120 volts. C. P. Clare & Co., 4719 W. Sunnyside Ave, 
Chicago 30. 


TUBULAR CAPACITORS 


Instead of customary molded-case tubular construction, 
Type 87 capacitor is molded in its own paper tube. Im- 
pregnated capacitor section is placed in a paper tube and 
sealed, providing heat and humidity-resistant qualities of 
the order of plastics tubulars. An overall wax dip adds to 
humidity resistance. Tubulars can be used without drips 
at 212 F. Dielectric strength is maintained at elevated 
temperatures and rated voltages are based on 212 F opera- 
tion. Sub-zero temperatures do not impair units. Aerovox 
Corp., New Bedford, Mass. 


FLEXIBLE SHAFT COUPLINGS 


Series of light-duty flexible shaft couplings are applicablé 
in the electronic and instrumentation fields for knob com* 
trols of tuners, band switches, small valves, gears and 
pulleys and as a driving medium for light transmissiom 
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Fiftieth 
Anniversary Year 


WESTERN FELT: 


Your Insurance Against Complaints 





Felt is not “just felt.” There is a vast difference in its manufacture 
and efficiency. Because Western Felt for over fifty years has not, 
and will not, depart from its policy of maintaining the highest 
possible quality in material and manufacture, its products, 
wherever they may be employed, are your insurance against 
product complaints due to a Western Felt component part. 

Here are just a few of its features that you can always depend on: 
range from wool softness to rock hardness—never loses shape— 
does not ravel or fray—resists oil, water, heat, age, resilient, 
flexible, compressible—may be cut to extremely close tolerances 
for small parts—unsurpassed in uniformity. 

Western Felt engineers with decades of experience in the use of felt 
stand ready to counsel you. 
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Largest Independent 
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4035-4117 Ogden Ave., Chicago 23, Illinois 


Branches in all Principal Cities 


Manufacturers and Cutters of wool, hair and jute felts 
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STEEL 


Every Kind 
Quick Delivery 


NEARBY STOCKS INCLUDE: 
BARS—carbon & alloy, hot 
rolled & cold finished 


STRUCTURALS—channels, 
engles, beams, etc. 


PLATES—U, M. & sheared, 
inlend 4-Way Floor Picte 


TUBING—seamless & welded, 
mechanical & boiler tubes 


STAINLESS—Allegheny sheets, 
plates, bars, tubing, etc. 

REINFORCING bors & access. 

BABBITT bearing metal 


MACHINERY & TOOLS for met- 
al fabrication 


SHEETS—hot & cold rolled, 


many types & coatings 


RYERSON 


Joseph T. Ryerson & Son, Inc. Plants: New York, Boston, 
Philadelphia, Detroit, Cincinnati, Cleveland, Pittsburgh, Buffalo, 
Chicago, Milwaukee, St. Louis, Los Angeles, Son Francisco 















The smaller 
the bearing 
the better 
it runs. 













In the United States only MICRO bearings have ground 
outer rings and raceways when it comes to miniature sizes. 

Write for your copy of Technical Bulletin No. 50 show- 
ing RADIAL (conrad, extra light, and full race), Angular 
Contact, Self Aligning and Pivot Bearings 4%” to 44” O.D. 


New Hampshire Ball Bearings, Inc. 
7 MICRO CIRCLE °* PETERBOROUGH, NEW HAMPSHIRE 



















The GROUND Miniature Bearing 











systems where the connected shafts are askew. Standard 
fittings for use with the couplings have threaded, socketed, 
slotted, flatted, splined and plain terminals for a range of 
uses. Diameters range from 0.130 to 0.250 in. Elliott 
Manufacturing Co., 523 Prospect Ave., Binghamton, N., Y, 


PRECISION CASTING ALLOY 


Non-eutectic alloy, Cerrocast, of bismuth and tin has 
reasonable hardness, negligible shrinkage and long melting 
range. Suitable for use in precision casting (Lost Wax 
Process). Because of the long melting range alloy can be 


Melting range 281 to 338 F 


Weight, lb per cu in. 302 F 


Brinell hardness 0.296 
Yield temperature 22 
Shrinkage, in. per in. 0.0001 





coined readily to reproduce shape, dimensions and surface 
details of the pattern. Also can be used in spray guns and 
for low temperature soldering of pretinned metal parts, 
Cerro de Pasco Copper Corp., 40 Wall St., New York. 


CAM TIMER 


For automatic sequence control of machine and process 
operations, Series 2400 cam timers can control sequence 
and duration of a series of three or more individually- 
timed operations ; change gears supplied provide 600 differ- 
ent time cycles from 1 sec to 4 days. Any number of load 
circuits may be controlled; time for total cycle may be 
altered; duration of ‘‘make” and “break” periods as well 
as sequence may be changed with standardized compo- 
nents. Synchronous unidirectional motor drives a cam- 
shaft through a gear train. Split cams mounted on the 
shaft may be adjusted to actuate either silver or mercury 
control-circuit contacts as required. Contacts are available 
in SPST, SPDT and DPST arrangements rated from 10 
to 15 amp 110 volt a-c, and from 2 to 7 amp 110 volt d-c. 
Size varies with number of circuits. Timer motor for 110 
or 220 volts a-c. Automatic Temperature Control Co, 
Inc., 5212 Pulaski Ave., Philadelphia 44. 


TEMPERATURE CONTROL 


Straight-line temperature control unit can be used with 
any standard type or make of pyrometer controller for 
close temperature control in the plastics, molding, temper- 
ing, aluminum heat-treating and other precision heat- 
processing fields. The manufacturer claims the sensitivity 
of this unit, Xactline, has kept temperature variations as 
low as + ¥% deg F and power on-off cycles as short as 3 sec. 
Control is fully automatic and requires no mechanical co- 
ordination with other equipment. Readily applicable to all 
types of electric furnaces, ovens and injection molding 
machines employing conventional millivoltmeter and po 
tentiometer-type controlling pyrometers or gas-fired equip- 
ment employing solenoid-controlled or motor-operated 
valves. Unit, ready to connect, is enclosed in a_ black 
wrinkle finish metal case, 8% x 6% x 3 in., designed for 
wall mounting or flush mounting in cabinets or panels. 
Claud S. Gordon Co., 3000 S. Wallace St., Chicago 16. 


FLEAPOWER MOTOR 


With a maximum output of 0.0088 hp, motor has high 
starting and running torque and low noise level. Shaded 
4-pole Barcol CYAK motor has stainless steel centerless 
ground shaft supported in wick-lubricated bearings. Field- 
coil spools are molded plastics and will not absorb mois 
ture or short the field coil. Motor is available with front 
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Here is a cylindrical d-c paper-dielec- 
tric capacitor that remains positively 
sealed, regardless of the position 
in which the unit is mounted. The 
G-E Case Style 40 utilizes a deep- 
drawn aluminum case with double- 
rolled base seams, avoiding solder- 
seams. The silicone bushing elimi- 
nates gaskets, maintains the hermetic 
seal by compression alone. And 
beneath the case, these units embody 
the excellent materials and construc- 
tion, give the outstanding perform- 
ance aaa of General Electric 
Capacitors. 

The Case Style 40 capacitor for 


direct panel mounting with solder-lug 
terminals, is built in these ratings: 
600 volts—1, 2 and 4 mu f 
1000 volts—1 and 2 mu f 
1500 volts—.25, .5 and 1 mu f 
This is but one case style of a com- 
plete line of d-c capacitors made by 
General Electric to JAN-C-25 Specifi- 
cations and suitable for both com- 
mercial and armed services applica- 
tions. G-E paper-dielectric capacitors 
are available in characteristics E 
(Mineral Oil) or F (Pyranol®) and in 
case styles 40, 53, 54, 55, 61, 63, 65, 
67, 69 and 70. Apparatus Department, 
General Electric, Schenectady 5, N. Y. 


Please address inquiries to Transformer & Allied Product Div., General Electric Co., Pittsfield, Mass. 


GENERAL 
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This is how the silicone bushing per- 
manently compression-seals the new 
G-E Case Style 40 capacitor. Note 
that the conventional gasket is com- 
pletely eliminated. This CP-40 can be 
freely handled with no worries about 
rupturing its seal. 
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> 
for 
solving your Wire and 


Metal Forming problems! 


NILSON 
FOUR SLIDE MACHINES automatically stamp and form a wide 
range of small parts for the electrical industry. High production 
rates at close tolerances from coiled wire and ribbon stock assure 
lowered costs. 

VERSATILITY is the keynote. Minor tool changes produce an 
infinite variety of forms. Write for Pamphlet E. 


The , H. NILSON MACHINE CO. 
BRIDGEPORT 5, CONN. 


SPECIALISTS IN WIRE FORMING EQUIPMENT FOR OVER 50 YEARS. 








APES SRN’ 
PL 








or rear shaft extensions and several variations in mount- 
ing. Fan oscillating mechanisms, gear reductions or other 
units may be mounted on the tapped bearing plate holes. Bar- 
ber-Colman Co., Rockford, III. 


CAPACITANCE RING 


For socket terminal r-f by-passing, unit (Capaci-Ring) 
combines four separate mica capacitors isolated from each 
other. Sections are provided for heater, screen and cathode 
with the lead from each section properly located adjacent 
to the socket terminal—lead inductance is small. Designed 
for the standard 7-pin miniature tube socket, unit mounts 
with same fastening required to mount socket. Each sec- 
tion has a nominal capacitance of 500 mmf. Clear India 
mica film dielectric permits a rating of 500 volts. Ring is 
protected against moisture by a coating of insulating 
varnish. The Compton Co., Bethesda, Md. 


SMALL BALL BEARINGS 


Bearings are designed for small loads and low speeds, 
particularly oscillating motions; friction at a radial load 
of 6 grams is only 0.0125 gr. cm. Applications: indicating 
pointers, small scales, anemometers, some types of telephone 
apparatus, and viscosimeters. In the RC series, now avail- 
able in 3-mm and 12-mm OD sizes, the bearing is closed 
at one end by a polished thrust plate against which the 
shaft end bears. Position of the ground raceways may be 
modified in manufacture to change inner diameter to meet 
individual requirements. Furnished with ball retainers. 
Landis & Gyr, Inc., 104 Fifth Ave., New York 11. 


D-C—A-C CHOPPER 


Self-excited choppers are energized from a d-c rather 
than an a-c power source. Low level d-c signals are ap- 
plied to chopper contacts and are converted into pulsating 
d-c or a-c for amplification by means of an a-c rather than 
a d-c amplifier. Usual sources of these low level d-c signals 
are thermocouples, strain gages and servomechanism error 
voltages. Nominal ratings of contacts are 10 volts, 0.001 
amp d-c, but both of these ratings may be exceeded on an 
intermittent basis. Each chopper is a combination of a 
SPDT and a SPST chopper mounted together in a single 
container. A choice of make-before-break or break-before- 
make contacts is offered. Stevens-Arnold Inc., 22 Elkins 
St., South Boston, Mass. 


MINIATURE THERMOSTAT 


For pilot control applications, unit is enclosed in a com- 
pact housing measuring 1 x %6 x % in. overall, with wire- 
clinch terminal lugs. Electrical rating of unit is 100 watts 
at 115 volts a-c. Can be furnished with normally open or 
normally closed electrolytic silver contacts. Sensitive ad- 
justments from 0 to 400 F are made by a single adjusting 
screw. Weighs 40 oz. George Ulanet Co., 410 Market St., 
Newark 5, N. J. 


DIE-STAMPED NAME PLATES 


Production of custom die-stamped nameplates for prod- 
uct identification, company trade marks and brand names 
is a new service offered by the manufacturer. Facilities 
are available for making nameplates to specifications in 
sizes up to 9 x 12 in., of any metal up to %e in. thick that 
can be stamped. Federal Tool and Mfg. Co., 3620 Alabama 
Ave., Minneapolis 16, Minn. 


RUST PREVENTIVE 


For use on aluminum, chrome, ferrous or non-ferrous 
metals, rust preventive, Rustarest No. 30, provides a coat- 
ing over plated parts as well as bare metal; is pliable 
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The base illustrated at the right is 75,” long, 
74" wide and'1%" deep; the hood is 74” 
long, 74" wide and 19/16" deep... proof that 
Plaskon Alkyd’s high dimensional stability 
makes it readily adaptable to large, solid pieces. 


eit 


Plastic magic became a reality with the birth 

of Plaskon Alkyd. It has established a new high 

for plastics in both electrical and physical properties. 
This fact was dramatically proved again by The Arrow- 
Hart and Hegeman Electric Company when recently they 
redesigned their line of magnetic starters. 


Among the many tests conducted by Arrow-Hart engi- 
neers to find a suitable plastic material for the bases and 
hoods of these new starters was the test for arc resis- 
tance. Only Plaskon Alkyd passed the grueling current 
tests that the plastic materials were subjected to. In fact, 
after withstanding twice the current of the next best 
plastic material, the starter made with Plaskon Alkyd 
still operated satisfactorily. 
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The magnetic starters are molded and 
manufactured by the Arrow-Hart and 
Hegeman Electric Company, Hartford, Conn. 


Plaskon Alkyd is a new thermosetting plastic developed and 
manufactured exclusively by Plaskon. In addition to its higher 
arc resistance ... it has greater dimensional stability than any 
other plastic material commonly used as an electrical insulator, 
combined with resistance to high temperatures, up to 400 F. 
under continuous exposure... It has higher resistance to water 
and it is unaffected by organic solvents, fats, oils and dilute acids. 


An experienced Plaskon field man will be glad to discuss the 
many advantages of Plaskon Alkyd with you or your molder. 
Just let us know when he can call. 


PLASKON DIVISION « Lipsey - OWENS-FORD GLASS COMPANY 
2137 Sylvan Ave.,Tolede 6, Ohio » in Canada: Canadian industries, Ltd., Montreal, P. 0. 


Branch Offices: Boston, Chicago, Los Angeles, New York, 
Rochester, San Francisco 


Manufacturers of Molding Compounds, 
Resin Glues, Coating Resins 








THERMOMETER 





No. 35—Product of 
Jas. P. Marsh Corp., Skokie, Illinois 


Chace Thermostatic Bimetal tells the “inside 
story” at a glance, in this easy-to-read home 
indoor-outdoor thermometer. A small bimetal 
coil is fixed at one end to the indicator shaft, 
with the other end attached to the back of the 
dial. Changes in temperature cause rotation 
of the bimetal coil, moving the indoor indicat- 
ing pointer to the correct temperature value. 


Chace #6650 Thermostatic Bimetal is speci- 
fied, being particularly suitable for tempera- 
ture indicators from —100° F. to +500°F., due 
to its extremely high deflection rate. 


Manufacturers in many fields are taking ad- 
vantage of the wide range of properties 
found in the complete line of Chace Thermo- 
static Bimetals. They've gained new freedom 
of design and improved product performance 
in such varied industries as automotive, appli- 
ances, instruments and industrial equipment. 
As the actuating element for your product in 
the field of temperature indication or control 
... specify Chace Thermostatic Bimetal. 


W. M. CHACE CO. 
EEC uer Om et VIlUs 
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enough to take bending or curving. Clear, transparent 
coating dries quickly without need of baking. When used 
as a primer, it prevents paint from chipping. Main use is 
to prevent corrosion and rust on stored parts during long 
shipments or storage. International Rustproof Corp., 12507 
Plover Ave., Cleveland, Ohio. 


SMALL POTENTIOMETERS 


Miniature controls feature two fixed shaft types and 
a wide selection of values. Type PQ has a full round %-in. 
shaft, 3 in. long from mounting face, and a %-in. long 
bushing. Power rating is % watt, 500 volts maximum. 
Supplied in a line of 32 values. Type RQ has a short 
screw-driver slotted shaft, 4% in. in diam and % in. long 
from mounting face; bushing is % in. long. Power rating 
is % watt, 500 volts maximum. Metal parts of both con- 
trols are designed to withstand salt-spray test. International 
Resistance Company, 409 N. Broad St., Philadelphia 8. 


SOLENOID VALVES 


Built for pressures from 0 to 300 psi and temperatures 
from 0 to 500 F, solenoid air valves are leakproof and 
quick acting. Internal parts are of brass and stainless steel 
with a packless heavy-duty solenoid. Applications include 
water, air, steam and gas. Custom built valves are avail- 
able for special requirements. A.A.A. Valve Co., Inc., 357 
Canal St., New York. 


WHITEPRINTER 


Capable of producing up to 10,000 sq ft of prints in a 
working day, new Model 50 whiteprinter operates at vari- 
able speeds up to 24 ft per min. Prints are delivered flat 
and dry in a tray on the front of the machine. Operation is 
odorless; requires no plumbing connections or ventilation 
ducts. Prints may be made from postcard size to 42 in. 
wide and any length. Charles Bruning Co., Inc., 4754 W. 
Montrose Ave., Chicago 41. 
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Laboratory and Engineering 





Equipment 


SIGNAL GENERATOR 


General-purpose, amplitude-modulated generator, Type 
1001-A, suitable for standard IRE and RMA tests on radio 
receivers, has wide frequency range, low leakage and low 





incidental frequency modulation. Carrier oscillator uses a 
Hartley circuit and is followed by an untuned modulating 
amplifier. Output voltage is continuously variable by means 
of a slide-wire calibrated in microvolts and a decade multi- 
plier. Frequency range is 5 ke to 50 mc, with logarithmic 
frequency dial and an auxiliary frequency-increment dial. 
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“This unit serves us very well” 
THE KELLEY-KOETT MANUFACTURING CO. 


HEINEMANN 
Pe ae 
CIRCUIT BREAKER 


Protects the 
Valuable Equipment 
Shown Below 


Two Pole - All Purpose, 
Magnetic Circuit Breaker, 
15 amps., 250 Volt. 


The Kelley-Koett Manufacturing Co. of 
Covington, Kentucky, is well pleased with the 
efficient, flexible protection provided by 


HEINEMANN CIRCUIT BREAKERS for the 
equipment it manufactures. The Breaker shown 
above is used as a combination Main Line 
Switch and Overload Circuit Breaker. It is 
placed in the circuit where the tripping coil is 
shunted by a tapped resistor, thereby allowing 
an adjustment for tripping it at various loads. 


Positive protection is provided against dan- 
gerous overload by the INSTANT trip of the 
breaker, while flexibiliy is secured by a time- 
delay device that permits minor overloads to 
pass for a limited period of time. 


Dangerous arcing is prevented by a high 
speed blow-out. 


The equipment that YOU manufacture de- 
serves the same certain protection at all times. 
Write NOW for further information. 
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A. C. METER 


These new A.C. in- 


struments are Mag- 
netically Damped 
by use of Alnico 
Magnets and are of 
the Repulsion Vane 
Type using care- 


fully aged and impregnated field coils and multipliers. All 
standard ranges available in round, rectangular or square 
case styles and are guaranteed for one year against defects 
in workmanship or materials. Refer inquiries to Dept. D10. 


BURLINGTON INSTRUMENT CO. 
BURLINGTON, IOWA 





Only 1-1/8” in dia. Com- 
position-element or wire- 
wound units mechanically 
interchangeable 


vr 


No-wiggle, no-wobble 
centerless-ground shafts 


* 


Two-section tandem avail- 
able with concentric shafts 


* 


High immunity to climatic 
extremes 
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% Nothing more compact or inexpen- 
sive for simultaneous control of two or 
three electrical functions! Clarostat’s 
Series 37 (composition-element) or 
43 (wire-wound) tandems, plus switch 
if desired, are made to your exact re- 
quirements. Rugged. No back lash. 
Choice of resistance, taper, tap. 


Engineering Bulletin 112 on request 


ad 
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CLAROSTAT MFG. CO., INC 


Output voltage range is 0.1 microvolt to 200 mv at the 
panel jack; 0.05 microvolts to 100 mv at the end of a 
terminated cable. Output impedance is 10 ohms at panel 
jack, 50 ohms at end of unterminated cable, or 25 ohms at 
end of terminated cable. Internal modulation up to &% 
per cent at 400 cycles is provided. External modulation can 
be used from 20 cycles to 15 ke. Incidental frequency 
modulation is below 38 parts per million at 30 per cent 
modulation. Power supply is 115 or 230 volts, 40 to 6 
cycles. Aluminum panel is furnished in black crackle, 
aluminum cabinet in black wrinkle. Overall dimensions 
are 1434 x 20% x 10%¢ in., and net weight is 52 lb. General 
Radio Co., 275 Massachusetts Ave., Cambridge 39, Mass. 


SOUND PRESSURE METER 


For audible and_ ultrasonic 
ranges, sound pressure measure- 
ment equipment has a micro- 
phone permanently attached to 
the tip of a flexible probe that 
may, be mounted to a preampli- 
fier. Permanent built-in calibrat- 
ing circuit permits checking of 
absolute magnitudes of sound 
pressures from a remote pair of 
terminals. Sound pressures from 
a few to several million dynes 
per sq cm may be measured 
directly over a frequency range 
of 50 cycles to 250 kc. Preamplifier is assembled in a sealed 
stainless steel housing designed to permit use of any of 
the available microphone and accelerometers. Massa Lab 
oratories, Inc., 3868 Carnegie Ave., Cleveland 15, Ohio, 





ELECTRONIC TIMER 


For operation on a single interval with manual initia- 
tion or as a repeat cycle timer with two adjustable in- 
tervals which occur successively without any external 
operation. Applications include refluxing, electroplating, 
life testing, heat sealing, valve pacing, bottle filling and 
temperature control. Cyclo-Flex timer employs one vac- 
uum tube and operates on 125 volt 60 cycle a-c. Time in- 
tervals: ON, % to 3 sec; OFF, 9 to 20 sec. Relay is of 
the SPDT type and contacts are rated at 3 amp, 115 volts 
a-c; relay contacts are wired to external terminal strip. 
Housing measures 4 x 6x 9 in. G. C. Wilson & Co., 2 N, 
Passaic Ave., Chatham, N. J. 


MICROHM METER 


Self-contained tester, Model 151-S, for low resistance 
has five ranges for use in checking low resistance values in 
circuit breaker contacts, cable joints, bus bar connections, 
limiters, windings and material tests. Microhm ranges are 
0-75; 0-750; 0-7500; 0-75,000 and 0-750,000 microhms. 
Instrument is powered by self-contained standard dry cells. 
Internal shield protects against stray field effects. Long 
leads (20 ft) are provided. Case has protected corners and 
removable cover. Dimensions are 8 x 10 x 6 in. Weight 
is 18 lb. J. W. Dice Co., 1 Engle St., Englewood, N. J. 


SEALED LEAD AND MULTIPLE HEADERS 


Sample kit assortment of standard hermetically sealed 
terminals available are contained in clear plastics case with 
labeled compartments. Standard types included are capable 
of almost any application requiring hermetically sealed 
terminals. Contains 81 standard terminals and 11 stock 


header types. Electrical Industries, Inc., 44 Summer Ave. 
Newark 4, N. J. ooo 
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T can happen, any place. A wisp of smoke— 

a tiny flame that can grow into destruction 
if unchecked. That's when the fire alarm wiring 
system must not fail. You can count on it when 
the wiring is insulated with Geon polyvinyl 
plastic. 


Naturally, the system may go for years with- 
out use. But Geon polyvinyl plastic is so age- 
resistant that it’s a/ways on the job. 


And think of its other advantages. It is 
moisture-resistant—extra protection against 
shorts. It resists flame. It’s proof against acid 
or caustic; is not affected by sunlight, grease, 
oil or oxidation. It’s extremely tough and 
abrasion-resistant. A wide range of brilliant 
colors is available, simplifying hook-up and 
circuit tracing. Thinner insulation may be used 
safely, allowing more conductors per conduit. 


Polyvinyl plastic makes superior electrical 
insulation—and Geon polyvinyl materials set 
the pace. They'll continue to do so, through 
constant improvement. 


For safe insulation that makes savings, specify 
polyvinyl plastic. We'll help you on special appli- 
cations or problems. Please write Dept. GF-1, 
B. F. Goodrich Chemical Company, Rose 
Building, Cleveland 15, Ohio. 


GEON NEVER FAILS 


ro ting the bell 


eT) 


LA WLI, p | 


B. F. Goodrich Chemical Compan a 





THE B. F. GOODRICH COMPANY 


GEON polyvinyl materials e HYCAR American rubber ¢ GOOD-RITE chemicals and plasticizers 
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BECKER 





Complete facilities for the 
| manufacture of electrical and 
| mechanical carbons and graph- 

ite /metallic compounding —over 

half a century of carbon expe- 


if rience —extensive on-hand 


stocks of standard replacement 

| brushes for “return-mail’” main- 

F | tenance service ... three of the 

| many reasons why BBB is a good 

| _| source for your carbon needs. 


a 





BECKER BROTHERS CARBON CO. 
{ 3450 S. 52nd Ave. @ CICERO 50, ILL. 
. \ 
i 










ELIMINATE 


COSTLY FLOW FAILURES 
with MAGNATROL 


SOLENOID 
ead 


e Quick Operating 
e Non-Sticking 
e Tight Sealing 


These three design advantages are 
your assurance against costly flow 
failures. Attain dependable, accu- 
rate, automatic or remote control 
of liquids or gases with Magnatrol 
valves. You can install them quickly 
and easily in connection with .. . 
flowmeters, thermostats, float and 
time switches. Every Magnatrol 
Valve is delivered to you—factory 
tested and guaranteed free from de- 
fects in material and workmanship. 


FREE CATALOG! 


Available in normally closed. or 
normally open models. Pressure 
ranges from zero up to 300 PSI. 
A.C. to 575 volts, 25, 50 or 60 
cycles. D.C. to 250 volts. 


Write today, Attention of: 


dimensions. 


MAGNATROL VALVE corp. 


HAWTHORNE 4, NEW JERSEY 
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E. W. Brockman, for complete 
illustrated literature, contain- 
ing specifications, sizes and 
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MEW in 
INDUSTRY 


Anthony H. Lamb, pioneer in the field of photoelectricity, 
recently was appointed vice president of the Weston Elec- 
trical Instrument Corp., Newark, N. J. Mr. Lamb will 
assume responsibility for operation of the Tagliabue Div. 
of the company. 








Anthony H. Lamb 


William H. Kingsley 


William H. Kingsley, who for the past twelve years has 
been district manager of the New York office of Ideal 
Electric & Manufacturing Co., has joined the Fairbanks, 
Morse Co. to become manager of the Electrical Div., 
Chicago. 


Thomas A. Daly is now engineering manager in charge 
of all naval ordnance work of Westinghouse Electric Corp., 
Sharon, Pa. 


Ernest E. Johnson, recently manager of engineering, Ap- 
paratus Dept., has been named manager of engineering, 
Large Apparatus Div., General Electric Co., Schenectady, 
N. Y. Byron A. Case, assistant to manager of engineering, 
was made manager of engineering, Small Apparatus Div. 


H. P. Corwith has been appointed vice president in charge 
of development and research of the Western Union Tele- 
graph Co., New York, to follow F. E. d’Humy who is 
retiring. 


Ray H. Timmons, now manufacturing manager of indus- 
trial products for the Westinghouse Electric Corp., East 
Pittsburgh, Pa., will be responsible for manufacturing of 
meters, transformers, motors and generators. 


In a series of appointments in the electrical department 
at Allis-Chalmers Norwood Works, Cincinnati, Ohio, F. M. 
Winterhalter is now engineer-in-charge of a-c design; C. F. 
Cobb, engineer-in-charge of d-c design; E. K. Spooner, in- 
sulation engineer; I. C. Smith, mechanical engineer, and 
W. T. Saveland, assistant mechanical engineer. 


George E. Rowbotham has joined the Engineering Labora- 
tory of the Ford Motor Co. in Dearborn, Mich. 


Floyd V. Wilkins and Oscar E. Carlson have recently been 
elected president and vice president respectively of Kent 
Laboratories, Inc. of Hawthorne, N. J., a wholly owned 
subsidiary of Servo-Tek Products Co., Inc., of Paterson, 
N. J. 


Kenneth D. Turner recently was promoted to vice presi- 
dent in charge of engineering of the Admiral Corp., Chi- 


ELECTRICAL MANUFACTURING 











AT KOPP GLASS... manufacturing 
procedure 

is geared 

to meet your 
SPECIALIZED 
needs 



























To produce glass parts that -exa 
your requirements, specialized glé 
ing skill and experience are needed. 


KOPP GLASS offers you a completé 
integrated engineering and manufacturing 
organization that can be geared to your 
particular conditions. Whether you use 
lenses, roundels, protective cases or any 
of a host of other glass products, you gain e 
the full benefits that this versatile material 
offers you only when the parts are properly 
designed and made. 


y meet 
-mak- 





(Top) Checking a lens mould with precisely-cut template, 
before releasing for production. (Above) Preliminary inspec- 
tion of a newly pressed lens. (Below) Color and light trans- 
mission of regular production are checked with modern 
aboratory-type equipment. 


We will be glad to send you a booklet 
that describes our facilities and shows how 
we are organized to serve you efficiently. 


To assure top quality glass—specify KOPP! 


KOPP GLASS, INC. GD SWISSVALE, PA. 
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“ y.heal notes 


METAL MELTING with Economy 
and Accurate Control 


d, solder, tin, 
It’s easy to melt lead, 
and babbitt with almost any a 
source. But—to maintain these —_ s 
at exact working semperster Y 
mands the accurate control of electri 
i jon heating. 
im OTE Calrod® a eee oa 
in standard G-E pots, OF oe 
xisting pots—eficiently control t 
ae of heating, provide uniformity 
of temperature, and assure oe 
uring conditions. This means -% 
dross, less wastes and superior - : 
ucts—plus cleaner, cooler working 
ditions. : a 
"GE metal-melting pots are avail 
to 450° pounds capacity. OF, 
GE mes heaters can be — 
adapted to existing pots. Comp ~ 
ts from $25; immersion heaters only, 
END FOR BULLETIN GEA- 
CATALOG GED-650C. 
Apparatus Depts General Electrte 
Company, Schenectady 5, N. Y. 
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33 GREENE STREET. NEW YORK 13.N. Y.- 
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cago. Other promotions include Robert M. Jones to director 
of engineering, Electronics Div.; and Evans T. Morton to 
director of engineering, Major Appliance Div. 


. F. P. Taugher has been appointed manager of engineer. 
ing of the Industrial Control Div. of the Westinghouse 
Electric Corp., Buffalo, N. Y. 


Robert S. Miller, formerly with the Ingersoll Steel Div,, 
Borg-Warner Corp., has been elected executive vice presi. 
dent, general manager and a director of Climax Machinery 
Co., Indianapolis, Ind. 


William W. Martenis has been appointed manager of sales 
engineering of the Minneapolis-Honeywell Regulator Co, 
Minneapolis, Minn. Mr. Martenis has held the positions 
of chief designer and chief application engineer with the 
company. 


F. B. Law is now manager of manufacturing for the Aero. 
nautic and Ordnance Systems Div., General Electric (Co, 
Schenectady, N. Y. 


Vincent C. Hall, Jr., is now associated with the Applied 
Physics Dept. of the National Research Corp., Cambridge, 
Mass. 


Nicholas E. Golovin recently has been appointed assistant 
to the director of the National Bureau of Standards, Wash- 
ington, D. C. 


M. L. Gardner has been appointed engineering and sery- 
ice manager of the New England district for the West- 
inghouse Electric Corp., Boston, Mass. 


Glenn H. Edgecomb, formerly works manager of the 
Holtzer-Cabot Electric Co., Boston, has joined the staff 
of Jack & Heintz Precision Industries, Inc., Cleveland, as 
works manager. 


Edward G. F. Arnott recently was named acting research 
director of the Westinghouse Lamp Div., Bloomfield, N. J. 
Mr. Arnott for the past two years has been assistant di- 
rector of the electronic: tube research department. 





f=. Edward G. F. Arnott Ray A. Rugge 

Ray A. Rugge has been appointed chief engineer of Leaf, 
Inc., Grand Rapids, Mich. Mr. Rugge was formerly with 
Municipal Electrical Utilities, American Telephone and 
Telegraph Co., and Electrical Design and Development 
Departments of Curtiss-Wright Corp. in Columbus, Ohio. 


Herbert DuVal, Jr., has joined Airborne, Instruments Lab- 
oratory, Inc., Mineola, N. Y., as technical assistant to the 
president. 


Otto Doerner recently has been elected vice persident in 
charge of manufacturing and engineering of the Cummins 
Business Machines Corp., Chicago. 


Lewis M. Clement, director of engineering and research of 
the Crosley Div., Avco Mfg. Corp., Cincinnati, has bee® 
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Every detail, large and small, gets topmost 
attention at Emerson Radio and Phonograph 
Corporation. 


Prominent is wiring. Rockbestos type ACA 
Firewall Hookup Wire is Emerson’s choice for 
use at tie-in points on resistors and around 
amplifier tubes — where it’s hot! 


No sleeving is necessary with Rockbestos 
wire. It can’t burn, crack or crumble under 
heat because it is insulated with impregnated 
felted asbestos. From this standpoint, 
Rockbestos saves production time as well as 
effecting over-all savings. 
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If there’s a wiring problem troubling you, 
we’d like an opportunity to help. Write for 
details and for our new catalog. 


ROCKBESTOS PRODUCTS CORPORATION 
NEW HAVEN 4, CONNECTICUT 


CLEVELAND DETROIT CHICAGO 
ST. LOUIS LOS ANGELES OAKLAND, CALIF. 


WIRES and CABLES by 


=) ROCKBESTOS 


---- dare to be better 


NEW YORK 
PITTSBURGH 
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First factor 
of your coil.... 


Its foundation! 


For uniform excellence of your 


windings, make sure of your \ 
olt 
pases 






PRECISION BRINGS 
YOU THESE SUPERIORITIES 


\V Complete insulation 


cee \V_ heat dissipation 


VV resistance to moisture 
V DURABILITY. 


PRECISION PAPER TUBES, made exactly to your 
specifications, embody all these qualities to outstand- 
ing degree, the result of long-specialized coil base 
engineering. Made in Kraft, Fish Paper, Cellulose 
Acetate, and combinations. Heat-treated, and spiral- 
ly wound for greatest strength. 


Send for samples and estimate, any quantity, any 
length, any ID or OD. Ask for latest Mandrel List. 
Qver 1,000 sizes. 

PRECISION DI-FORM- 
ED TUBES — No extra 


cost. Permit automatic 
stacking. 


PRECISION PAPER TUBE CO. 
2035 W. CHARLESTON ST., CHICAGO 47, ILL. 
Plant *2, 79 Chapel Street, Hartford, Connecticut 
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named chairman of the executive committee of the receiver 
section of the RMA Engineering Dept. 


R. T. Capodanno has been appointed director of engi. 
neering at Emerson Radio and Phonograph Corp., New 
York. William Vassar is now chief engineer. 


Robert W. Barber will head the new advanced engineering 
dept. of the Panelyte Div. of St. Regis Paper Co., Trenton, 
ms 3 





COMPANY BRIEFS 





Astron Corp., 900 Passaic Ave., East Newark, N. J., was 
recently organized to manufacture metallized paper capac- 
itors. John H. Fisher is chief engineer. 


Audivox, Inc. has been formed to take over the activities 
of the Western Electric Hearing Aid Div. Headquarters will 
be at 259 W. 14th St., New York. 


Consolidated Western Steel Corp., Los Angeles, a sub- 
sidiary of. United States Steel Corp., has purchased surplus 
government facilities at Orange, Tex. 


Aerovox Corp., New Bedford, Mass., has purchased the 
entire outstanding stock of Electrical Reactance Co. with 
plants at Franklinville, N. Y., Jessup, Pa., and Myrtle 
Beach, S. C. Electrical Reactance Co. will be operated as 
a subsidiary. 


Airborne Instruments Laboratory, Inc., Mineola, N. Y., have 
a new 10,500 sq ft plant on Old Country Rd., Mineola. 


H-B Instrument Co., Philadelphia, has purchased the ther- 
mometer business of the American Thermometer Co., St. 
Louis, Mo. 


Arens Controls, Inc. has moved to their new quarters at 
2017 Greenleaf St., Evanston, III. 


Scovill Manufacturing Co. has a new brass mill in Water- 
bury, Conn. Mill combines three drumtype electric fur- 
naces with a melting output of 10,000 Ib per hr, continuous 
flat-metal casting machines continuously casting rectangular 
bars weighing a ton and a highly mechanized rolling mill. 


R. D. Werner Co., Inc., New York, has opened a new 
extrusion plant for aluminum and magnesium in Green- 
ville, Pa. 


The Wile Electric Co., New London, Conn., is a new 
company established to fabricate a complete line of elec- 
trical cord sets. Charles W. Wilmot, formerly with the 
Plastic Wire & Cable Corp., is president. 


Servo-Tek Products Co., Inc., Paterson, N. J., has recently 
acquired full ownership of Kent Laboratories, Inc., Haw- 
thorne, N. J. 


Electro Products Laboratories, Inc., maker of battery elim- 
inators for radios, has moved to a new plant at 4501 X. 
Ravenswood Ave., Chicago. 


Air Conditioning Dept. of General Electric Co., Bloomfield, 
N. J., has transferred all water cooler manufacturing opef- 
ations from Bowling Green, Ky., to Bloomfield. 


Insulation Manufacturers Corp., Chicago, has opened 4 
new office in Pittsburgh. New office will be located in the 


Oliver Building, 535 Smithfield St. 


Larkin Lectro Products Corp., New York, has moved to 
Pine Bluff, Ark. 


Robbins & Myers, Inc., Springfield, Ohio, and Hunter Fon 
& Ventilating Co., Inc., Memphis, Tenn., two of the oldest 
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Smooh Power 


® Kitchen Fans ® Furnace Controls 
® Radio-Phonographs ® Action Displays 
® Business Machines ® Sound Recorders 


There’s a full measure of dependable, long-lasting Smooth 
Power in each of these famous GI motors—1/70th H.P. and 
under. Built to rigid performance standards, they incorporate 
the same advanced features—including dynamic balancing of 
every rotor — which have long distinguished all General In- 
dustries products throughout the radio-phonograph industry. 


All models are available for either clockwise or counter-clock- MODEL D-10 (1/79 H. PQ ' 

wise rotation, with additional design modifications available 4-pole, shaded pole induction motor. 

where quantities warrant production line changes. a ed. ae 

For blueprints and quantity price quotations, write, wire or —1/70; Dimensions: 3%” square x 3%’ 

phone today. over bearing housings. Features include 
scientifically designed air intake ...dual 
cooling fans ... dynamically balanced 
rotor . . . self-aligding oiless sleeve 
bearings. 

MODEL D-6 (1/100 H. P.) 


4-pole, shaded pole induction 
motor. Free Speed—1735 R.P.M. 
Locked Rotor Torque — 2% in. 
oz. — H.P. at 1400 R.P.M. — 
1/100; Dimensions: 3%’ square 
x 2%” over bearing housings. 
Features include dual cooling 
fans . . . dynamically balanced 
rotor .. . self-aligning, oiless 
sleeve bearings. 


MODEL A-5 (1/250 H.P.) MODEL C-5 (1/300 H. P.) 


2-pole, shaded pole induction motor. 2-pole, shaded pole induction motor. 
Free Speed — 3470 R.P.M. Locked Rotor Free Speed — 3370 R.P.M. Locked 
Torque—1.2 in. oz.—H.P. at 2800 R.P.M. Rotor Torque — 0.9 in. oz. — H.P. 
— 1/250; Dimensions: 2%” wide x 354” long at 2600 R.P.M. —1/300; Dimen- 
x 2%” high. Features include novel bearing sions: 2” wide x 32” long x 27%" high. 
construction which insures rigid and per- Features include accurately aligned 
manent alignment of motor shaft . . . oiless motor shaft... oiless bearings... 
bearings . . . dynamically balanced rotor. dynamically balanced rotor. 


The GENERAL INDUSTRIES Co. 


DEPARTMENT D e ELYRIA, OHIO 
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DADS 


STAR has been compounding special formulas for elec- 
trical insulating needs for over 50 years. If yours is a 
special problem, (requirements of which can’t be met by 
one of our standard types as described below) send us 
your blueprint, drawing or model together with the de- 
scription of the conditions under which your insulation is 
to be used. Our experienced engineers will recommend 
the best and most economical insulation for your purpose. 
1. THERMOLAIN 


A heat-resistant refrac- 
tory insulation. Porous, 


3. COMMERCIAL WHITE 
Most economical for 
use in most applica- 


5. No. 921 INSULATION 
Can be molded into 
difficult shapes. Strong, 


weeetants thermal tions. dense, heat-resistant. 
jock. 

4. VITROLAIN 6. NU BLAC 
2. LAVOLAIN Strong, dense, non- Will not soil in assem- 


A dense semi-steatite 
of high mechanical and 
dielectric strength. 


bly or use. Excellent 
for wiring devices or 
novelties. 


7. HUMIDOLAIN 
A highly porous por- 


porous, moisture proof. 
High dielectric 
strength. 





SEND FOR FREE BOOKLET sary septientions “te 
“A Brief Survey of humidifiers. 


Technical Characteristics 
of Molded Ceramic Products” 


PORCELAIN CO. 
TRENTON 9, N. J. 
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fan manufacturers, have affiliated. Both companies will con- 
tinue to operate separately but with combined production 
facilities and engineering experience. 


Permanente Metals Corp. has been renamed Kaiser Alu- 
minum & Chemical Corp. with offices in the Kaiser Building, 
1924 Broadway, Oakland 12, Calif. 


Henry & Wright Div. of Hartford-Empire Co., Hartford, 
Conn., have acquired the Pickering Governor Co. of Port- 
land, Conn. Offices will be at 760 Windsor St., Hartford. 


The Reliable Spring G&G Wire Forms Co., Cleveland, have 
expanded facilities for producing tuner coils and other parts 
for TV, radio and electronic devices. 





ASSOCIATIONS AND SOCIETIES 





bee 
American Die Casting Institute Announces 
Certification Zine Alloy Plan for Die Castings 


v7 
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Since the useful properties of zinc die cast- 
ings can only be fully realized when definite 
rules for alloy control are rigidly followed, a 
comprehensive certification plan is needed to 
permit the public to identify castings produced 
under an alloy quality control that assures 
chemical constituent limits. The Certified Zinc 
Alloy Plan, a project of the American Die 
Casting Institute, has been inaugurated to insure users of 
the quality of zinc die castings. Every casting bearing the 
Certification Seal under the plan will be produced from 
metal conforming to the proper composition limits for zinc 
die casting alloys established by the American Society for 
Testing Materials. 

Producers subscribing to this plan may now identify all 
their zinc die castings with the Certification Seal pictured 
here. This seal, therefore, becomes a mark of assured qual- 
ity identifying member producers and serving to assure 
purchasers of the quality of the castings. 


Rogers Elected Chairman of 
Engineers’ Council for Professional Development 


Harry S. Rogers, president, the Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y., was elected chairman of the 
Engineers’ Council for Professional Development, a con- 
ference body of engineering organizations of the U. S. and 
Canada. Vice-chairman is L. F. Grant, Queen’s University 
and Royal Military College, Kingston, Ont. 


CALENDAR OF MEETINGS 


Jan. 10-11—Fourth National Home Laundry Con- 
ference, American Home Laundry Manufacturers’ 
Association, Chicago. 


Jan. 10-12—Fifth Annual Technical Session and Ex- 
hibit, Reinforced Plastics Division, Society of the 


Plastics Industry, Hotel Cleveland, Cleveland. 


Exhibition and 
Milwaukee, 


Jan. 10-Feb. 
Conference, 
Wis. 


19—Industrial 
Milwaukee Art 


Design 
Institute, 


Jan. 11-13—Sixth Annual National Technical Confer- 
ence, Society of Plastics Engineers, Hotel Carter, 
Cleveland. 


Jan. 23-27—Southwest Air Conditioning Exposition 
and 56th Annual Meeting, American Society of Heat- 
ing and Ventilating Engineers, Fair Park, Dallas. 


Jan. 30-Feb. 3—Winter General Meeting, American 
Institute of Electrical Engineers, Hotel Statler, New 
York. 
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SOUND ENGINEERING 
CONSERVATIVE RATINGS 


Fansteel has built depend- 
able rectifiers for hundreds 
of uses since 1924. Fansteel 
Selenium Rectifiers are engi- 
neered from all angles, rated 
for continuous duty at high 


ambient temperatures. 


SELENIUM 


485 AVAILABLE STANDARD 
RECTIFIER STACKS 


Bulletin RDP-112C (copy 
on request) lists 485 stand- 
ard Fansteel Rectifier Stacks, 
showing a-c input, d-c out- 
put, dimensions and easy or- 
dering references. Special 
stacks, subassemblies or com- 
plete units supplied to order. 


& 


AAC A LILI D ¢ 
Ar i i IK 
McC riALiV A S 


PRODUCTS & SERVICES 


INCLUDE: 


FANSTEEL 


e NORTH CHICAGO, 


LONG SERVICE LIFE, 
STABILITY, ECONOMY 


Fansteel Selenium Rectifiers 
are known for their stable 
output characteristics over 
long extended periods. High 
eficiency over wide range 
of output. No deterioration 
when idle. 


RECTIFIERS 


RUGGED CONSTRUCTION, 
PROTECTIVE COATINGS 


All materials are strong and 
rugged, all parts firmly as- 
sembled. Every rectifier is 
inspected electrically and 
mechanically. Choice of 3 
standard protective coatings 
to resist practically any at- 
mospheric corrosion. 


11106 


ILLINOTS 


ELECTRICAL CONTACTS 
SELENIUM RECTIFIERS 
METALS: TANTALUM, TUNGSTEN 
MOLYBDENUM, COLUMBIUM 


teel (si: 
Jd | \ 
COPPER BASE ALLOYS AN INDUSTRY 


pom THAT SERVES 
RESISTANCE WELDING ; 
MATERIALS INDUSTRIES 
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SPECIFY 


alliance motors 


or 
| Small Load Jobs! (a 





motor. Approx. 1/30 h.p. 
Fans Toys 1550 rpm, v 
Business Machines Vending Machines 
Controls Radio & television 
Heating Appliances tuning 
Turntables Other appliances 


Mass production of small motors for mass 
markets at low cost—that’s the job at Alliance! 


Alliance motors rated from less than 1/400 





h.p. on up to 1/25 h.p. are made semi-open, 
and fully enclosed. Some are uni-directional 
and others are reversible. Motors are designed 
for both continuous and intermittent duty loads. 
Covering a wide range of standard AC volt- 
ages and frequencies, Alliance offers motors 

of varied types with operating characteristics 
to fit the specific needs of small loads. Indi- 
vidual changes in design are available where 
quantity warrants. 


Check these advantages! 
Low operating cost 

Low induced hum 

Low magnetic field 

Low first cost 

Cool running—quiet 
Flexible power range 
Slower controlled speeds 
Long life 


Write for catalog and specifications 


ALLIANCE MANUFACTURING COMPANY ¢« ALLIANCE, OHIO | 
Export Department: 401 Broadway, New York 13, N. _ U.S. A. 





MODELA A 


6-pole shaded pole 
motor. Approx. 1/30 h.p. 
500 to 1050 r.p.m. 


< MODEL MS 
2-pole odes pole 
motor — full load h.p. 


0021. Full load 2800 


r.p.m. 
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BOOK REVIEWS 


A AAI IS SE ASAE EI AN AE OR TEI ST EARLS A Me ALITA TRS 


Fundamentals of Vacuum Tubes—Sy Austin I’. Eastman, 
McGraw-Hill Book Co., Inc., New York. 644 + xxi pp. 
$5.50. 


Third edition follows the general pattern of the previous 
edition in presenting the fundamentals of basic types of 
vacuum tubes and engineering data on the more important 
applications. Many changes have been made in Chapter 9 
on high frequency amplifiers, specifically the resistance-coupled 
types. This edition treats the gain of an amplifier as a vector 
and thus takes into account changes in phase as well as 
amplitude. 

New material has been included on video amplifiers, cathode- 
follower amplifiers, cathode-coupled amplifiers, R-C oscillators, 
grounded-grid amplifiers, pulse modulation and demodulation. 


| High-Frequency Voltage Measurements—By Myron C. 


Selby. Published by National Bureau of Standards. Avail- 
able from Superintendent of Documents, U. S. Government 
Printing Office, Washington 25. 14 pp. $0.20. 


Up-to-date presentation of fundamental principles and tech- 


| niques deals primarily with measurements at frequencies in 


the upper audio and radio-frequency ranges, including part 
of the ultra-high frequency range. Subject matter has been se- 
lected to give a more comprehensive picture of these measure- 
ment methods than is now available from other sources. Follow- 
ing measurements are discussed: high precision methods based 
on d-c measurements, moderate precision methods including 
thermionic and other rectifiers, pulse-peak voltage measurements 
and miscellaneous methods. 


The Story of Magnesium—by W. H. Gross, American So- 
ciety for Metals, Cleveland. 260 pp. $2.00 


While written for the layman rather than the engineer, the 
metallurgical background of the author comes through repeat- 
edly, making this short text an excellent introduction to mag- 
nesium for designers. Physical and mechanical properties, 
methods of extraction, alloying, casting, fabrication and finishing 
are treated concisely. The chapter on uses illustrates and de- 
scribes, briefly of course, the range of applications to electrical 
products. Its small size, 5x7-'%4 in., has presented some handicap 
in handling tables and illustrations. 


Spectrophotometry—By Kasson S. Gibson. Published by 
National Bureau of Standards. Available from Superin- 
tendent of Documents, U. S. Government Printing Office, 
Washington 25. 48 pp. $0.25. 


Techniques and data resulting from the Bureau’s experience 
in spectrophotometry are presented in this guide so that users 
of spectrophotometers can better understand them, calibrate and 
maintain them in the proper operating condition, and guard 
against numerous errors common in such work. Instruments 
and methods for use in the ultraviolet, visible, and near-infrared 
spectral regions are considered, including photographic, visual, 
and photoelectric methods. Important topics covered include 
definitions of spectrophotometric terms, essential parts of spec- 
trophotometers, typical instruments in current use, types of 
errors which usually occur in spectrophotometric work, and 
presentation of standard data for checking calibration. 


The Electron Microscope and Its Application to Mate- 


rials Problems, PB 97957—U. S. Air Force Air Materiel 
Command. Available from Office of Technical Services, 
U. S. Department of Commerce, Washington 25. 48 pp. 
£125. 


Manual is a basic introduction to the nature of the electron 
microscope, and its contributions to various types of materials 
problems. In addition to a theoretical discussion of the problem 
of image resolution, manual provides practical information of 
construction and operation of the electron microscope and 
preparation of replicas and specimens. Included are typical 
applications of the microscope to the examination of finely di- 
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THIS NEW 128-PAGE 


RESISTANCE 
HANDBOOK 


Mt 


A complete, authoritative reference 
handbook compiled by Wilbur B. 
Driver Company to guide you in 
the correct selection of resistance 
and special alloys. Engineers and 
purchasing officials may obtain a 
copy without obligation by writ- 

ing on company letterhead. 


COMPOSITE VIEW OF THE THREE 
WILBUR B. DRIVER CO. PLANTS 
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WILBUR B. DRIVER COMPANY 


150 RIVERSIDE AVENUE, NEWARK 4, NEW JERSEY 


JANUARY 1950 





Keoter Soldo, 


Kester engineers, with over 100,000 different 
types and sizes of solder available, will specify 
the right flux-core solder for the job. 


Easion to Use 


Using the most suitable solder for each opera- 
tion will enable solderers to work at top speed 
without sacrificing quality. No rejects. 


Tip Quality 


Only newly mined grade A tin and virgin lead 
used. Fluxes — chemically correct. 


KESTER SOLDER COMPANY 
4208 | Wrightwood Ave., Chicago 39 
Newark. N.J. ¢ Brantford, Canada 

















SEND FOR seta: 


FREE MANUAL, 
“SOLDER and Soldering Technique” 


ae AGASTAT 


Readily adjustable—instantaneously recycling — 
wide variety of applications. Write for literature. 


AGA AGA AGA AGA AGA 


in (i 


MARINE AGALOY AGASTAT 


LiCuTinc Time Ostay 
SQuirmant SMALL TUBING metarv 


LIGHTING REFLECTORS 


AMERICAN GAS ACCUMULATOR COMPANY 
1027 Newark Avenue « Elizabeth 3, New Jersey 
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vided matters and aggregates, and to the inspection of surfag 
details of metals, ceramics and finishes. Possible future pro. 
pects for fields such as lubrication studies are mentioned. 


Basic Television—Principles and Servicing—by Bernay; 
Grob. McGraw-Hill Book Co., New York, 600 pp. $5.00 


Practical description of television circuits and techniques fo 
the beginner. While written primarily as a text on servicing 
television fundamentals on the design level are discussed fully, 
covering phase inversion, automatic volume control, rectifie 
circuits and modulation. Author assumes good grounding jp 
radio fundamentals, and vacuum tube operation. Receiver cir. 
cuits are emphasized and a chapter is included on color tele. 
vision. Appendix gives FCC standards of engineering practice 
for television broadcast stations. 


Symposium on Varnish and Paint Chemistry—Publishe 
by College of Engineering, New York University, New 
York 53. 102 pp. $2.00. 


Papers presented at the 1948 symposium, the first of a planne 
annual series, have now been made available in bound fom 
The symposium papers fall into four groups: Research an 
Test Methods; Protective Coatings; Adhesion; and Drying 
Oils. Although the discussion is primarily of interest to thos 
who wish to study the actual chemistry of varnish and pain 
formulations, several papers of practical character are include 
in the protective-coating group. One of these deals with fungi: 
cidal retention problems in organic film coatings and another 
one with insulating varnishes and varnish products used a 
electrical insulation. 


Newsletter—Published by the Office of Technical Services 
U. S. Department of Commerce, Washington 25. $05 
per year. 


Monthly digest of outstanding technical reports available t 
business firms and laboratories from federal and other nor 
confidential sources. Special emphasis is placed upon item 
of interest to smaller business firms. 


The Varnished Insulation Story—David O. Woodbury. Pw- 
lished by the Varnished Fabric and Paper Section, Nation 
Electrical Manufacturers Association, New York. 88 pp + 
iv. $1.00. 


Publication is designed to serve the electrical industry asa 
reference book on varnished insulation. Sources for the material 
were the major varnished insulation manufacturers. Book covers 
the nature and purpose of varnished insulations, their origin and 
development, and their use in rotating apparatus, transformers, 
cables, motor controllers, power distribution systems, high 
tension magnetos and electronics equipment. It is said to be th 
first time that so complete a round-up story has been published 
in this country on the properties, characteristics and applic 
tiens of varnished insulation. 





STANDARDS AND SPECIFICATIONS 
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Recommended Standard Sizes for Vaneaxial and Tube 
axial Fans, Bulletin 109—Voluntary standard for commer 
cial applications of fans have been set up to enable a mat- 
ufacturer to work toward a definite goal when subsequett 
changes are contemplated in his present line of fans or © 
afford a guide to a new manufacturer. Standard includes 4 
sizes between 12% and 60 in. arranged in a geometric pr 
gression. National Association of Fan Manufacturers, Inc, 
2159 Guardian Bldg., Detroit. 


Standard Noise Generator, PB97415—Reports cover theo f 


retical investigations, design and construction of the model, 
calibration and test, installation, operation and maintenance 
of a standard noise generator. Noise generator is said 
be useable from below 0.150 mc to beyond 600 mc. Standard 
115 volt a-c power can be used. Report of 168 pages includ- 
ing photographs, diagrams, drawings, sells for $6.25 im 
microfilm, $21.25 in photostat. Library of Congress, Photo 
duplication Service, Publication Board Project, Washingto® 
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HOSKINS 
Chromel 


> 


+ 


--- Basic element wire for your 


electrical heating appliances 


The price you pay for resistance wire is an almost insignificant part 
of the finished cost of your electrical heating appliances. Yet, by far, 
that wire is the most important material component you use. For 
every electrical heating device . . . be it a range, a roaster, 
an iron, or a toaster... is based entirely upon the wire’s resistivity 
and durability. 
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CHROMEL, you know, is the original nickel-chromium resistance wire 
... the wire that first made electrical heating practical. It possesses 
close-to-constant “hot” resistance between 700° and 2000° F., 
delivers full rated power throughout its long and useful life. 
And though it offers no “price-per-pound” advantage, it does bring 
you the accumulated benefits of over 40 years specialized manu- 
facturing and application experience. So next time you need 
resistance wire, specify Hoskins CHROMEL. It’s the basic element of 
electrical heating . . . your best assurance of long-life product 
performance. 





Our Catalog M-I contains complete technical information . . . want a copy? 


TXHOSKINS MANUFACTURING COMPANY 


4445 LAWTON AVE. «© DETROIT 8, MICHIGAN 
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new 4-POINT 
BEARING BRACKET 


ASSURES MORE ACCURATE AND 
PERMANENT ROTOR ALIGNMENT! 





Dependable —Versatile 4-POLE SHADED-POLE 
FRACTIONAL MOTOR 


Already outstanding in a field including hundreds 
of applications, the popular Loyd Scruggs 4-Pole 
Shaded-Pole Motor now features an exclusive, new 
4-point bearing-mounting bracket. This important 
development permits a more uniform, minimum- 
width air gap, extra-capacity oil cups, and per- 
manently accurate rotor-stator alignment inde- 
pendent of the casing. The result is more power, and 


longer, smoother operation. 
NOW IN USE ON 


Air Circulators 

Wire Recorders 

Air Conditioners 

Business Machines 

Fans and Blowers 

Vending Machines 

Ventilating Fans 

Oil Circulating Heaters 

Exhaust Fans 

Floor Heaters 

Unit Coolers 

Refrigerator 
Condenser Fans 

Coolant Pumps 

Floor Air Circulators 

Unit Heaters 

and many others 


Concentration of our facilities 
and skills upon one basic motor 
means that you benefit from im- 
portant economies and extra 
quality features. You are invited 
to compare this motor with any- 
thing available, as to perfor- 
mance, price, adaptability, and 
delivery service. Write, wire or 
phone for sample, stating re- 
quirements—memorandum 
invoice. The Loyd Scruggs Co., 
1022-32 North Sixth Street, 
St. Louis 1, Mo. 


Available in skeleton type 
(above) or with totally 
enclosed or ventilated 
housing. Many variations 
available in electrical 
characteristics, special 
shafts, mountings and 
leads. 

120 volts, 60 cycles, A. C. 
Approximately 1700 R.P.M. 


sai FE COMPANY 


ANUFACTURERS Om: PRECISION INSTRUMENTS 











Cutting Cost of a 


Low-Volume Product 
(Continued from page 59) 





A d-c capacitor is usually regarded as simply a storage 
place for electrical energy, and general purpose capaci- 
tors were unable to handle the high current req:iired for 
the FT-130 flashtube. Failures resulted from localized 
heating and carbonization of the paper where tap straps 
were inserted in the foil and paper winding. The effect 
was cumulative and occurred after a few hundred dis- 
charges. After a new noninductive exposed-foil design 
with liberal insulation was developed no capacitor fail- 
ures were reported from the field. 

High speed photographic problems are of two types: 
continuous or cyclic phenomena such as fuel sprays or 
rotating parts, and single-occurrence transients such as 
destruction tests or gun fire. The first type imposes lim- 
ited requirements for synchronization; a manual push- 
button and a jack in a normally open circuit is satis- 


_ factory. Transients generally involve a low power sig- 
| nal from a microphone, strain gage or a phototube, and 


require at least one stage of amplification. A separate 
unit containing both amplifier and control thyratron cir- 
cuits was therefore designed. 

Although not the only one, the most satisfactory 


| method of flashing the FT-130 lamp is to impress a 


high voltage pulse between the cathode and trigger elec- 
trodes. This is accomplished by a small trigger trans- 


| former of high ratio in which a high voltage is induced 





in the secondary by a rapid change of current in the 
primary. 

Simplified schematic diagram of the Photolight trig- 
ger and energy storage circuit is shown in Fig. 5. The 
flash capacitor C1 is charged to approximately 2000 
volts through resistor R/J. Operation of switch SI 
causes capacitor C2 to charge through the primary of 
trigger transformer T1. The high voltage induced in its 
secondary breaks down the gap between the trigger 
electrode and the grounded cathode of the flashtube, and 
local ionization causes the remainder of the gap to break 
down. Discharge of capacitor C1 through the ionized 
gap is accompanied by a heavy current and production 
of light. Resistor R2 slowly discharges C2 and Cl 
again charges, rendering the circuit self-resetting. Ca- 
pacitor C3 is charged from the control power circuit 
through resistor R3. When the control thyratron V1 
is fired, it effectively completes the connection to the 
primary of trigger transformer 71 thus initiating the 
train of events previously described. 

Capacitors operated at high voltage can inflict a very 
painful and sometimes lethal shock. Two primary intef- 
lock switches prevent operation of the Photolight when 
removed from the case for inspection or repair. The 
capacitor is provided with a bleeder resistor, and the 
high voltage transformer design features liberal insula- 
tion level and a grounded shield between the primary 
and secondary windings, protecting the power mains 
in event of a high voltage burnout. Fail-safe circuit de 
sign rules out the use of a voltage divider to derive 


| control power for auxiliary circuits. At some increase 


in size and weight, a separate, isolated supply of control 


| power is provided, minimizing chance of a serious acc 


dent. Remote control circuits for synchronization opef- 


ELECTRICAL MANUFACTURING 




















THIS IS NOT NEWS 
to most designers and 
engineers. But it is a 
REMINDER fo all! 


26-VOLTS RMS 
PER CELL 


Tried and Proved by Industry 
in hundreds of thousands 


of installations for COMPARE! The size of a Federal 26-Volt RMS 
per cell Selenium Rectifier (front) with an equivalent 
MORE THAN @ YEARS ——— 


The Federal 26-Volt Selenium Rectifier was the first power stack to oper- 
ate at such high voltage, the first to be accepted by industry, the first to 
prove itself. No other manufacturer can match this record of performance. 


Selenium Rectifier means to you: power conversion requirement, is backed by 


@ LOWER COST... A smaller rectifier with fewer cells the engineering and production skill of Amer- 
does a better job... at lower first cost and at lower ica’s oldest and largest manufacturer of Sele- 
operating cost—in addition to the important reduc- nium Rectifiers. Write Federal today for in- 
tion in cost of components. formation on your rectifier 


@ HIGHER EFFICIENCY... Fewer cells per stack mean ei requirements. 


Sona SHOR. Get the facts on 26-Volt RMS 

@ SPACE SAVING... More design freedom resulting Per Cell Selenium Rectifiers. 
7 : . om Send your copies - 

from greatly reduced size of the rectifier unit. i couuan as a : 

@ GREATER VERSATILITY. .. New fields of application cast OE Selenium Rectifiers From Milli- 
are opened through the inherent advantages of lower PER Tt watts to Kilowatts,” and Federal’s 


E “ ” 
cost, efficiency and compactness. ou. Wile P< es Aemith: ear ~— 


wit Federal Telephone and Radio Corporation 


“ . 


RATORIES, Nutley, “whe 2 unit of SELENIUM and INTELIN DIVISION, 900 Passaic Ave., East Newark, New Jersey 

IT&T's world-wide research and 

Sreineering exgenization. In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad St., N.Y. 
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FOR FASTER 
ASSEMBLY 


Wirebound Boxes and Crates come 

to you as flat mat units, 2/4 assembled. 
Most sizes are ready to pack in less 
than a minute. Wrap-around crate 
illustrated is typical of Wirebound time 
and labor saving designs. See below* 


) Time-tested, resilient Wire- 


bounds combine the strength 
FOR ESSENTIAL WF of steel with thinner wood. 
PROTECTION FEED, = Thickness of boards, arrange- 
th = ment of reinforcing battens, 
* style of cleats, and number and 
] gauge of wires vary with 
the type and weight of 
product carried. See below* 


FOR LOWER 
costs 


4 Sy 

. user reports 
Wirebounds reduce tare weight 
33%, provide over-all shipping 
room savings of 25%, slash 
storage requirements 80%, cut 
assembly and packing time 50%. 
Wirebounds will deliver your 


goods safely and at lower cost.* 


© ee eS a 


BOXES & CRATES 


eater deter FOR LOWER TOTAL SHIPPING COSTS 


throughout the United States 


“Send for free book... contains complete details of Wirebound advan- 
tages, technical features and describes how Wirebounds are designed spe- 
cifically to meet your requirements. Mail coupon today! 
Wirebound Box Manufacturers Assn., Room 1840 Borland Bidg., Chicago 3, Ill. 
LJ send Booklet of Product Information ([(] Send a Sales Engineer 
NAME 
COMPANY avcoress 
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ate at approximately 80 volts and carry less than 1 ma. 
A binding post is provided for grounding the Photolight 
case and chassis. 

Mechanical design of the Photolight, Fig. 6, is similar 
to the “pullout” construction used on some switchgear 
relays. The chassis, lamp bracket, control panel and 
rear of the case form a U-shaped assembly, mounting all 
components except the interlock switch bodies. All con- 
trols and cable receptacles are mounted on the rear of 
the case, convenient to the photographer, giving an un- 
impeded light path from the lamp. 

Front and back of case for each unit is fabricated from 
sheet steel with welded corners. Case bodies are of the 
wrap-around type spot welded at the bottom. Front and 


Fig. 7 — Intensity- 
time curve of light 
output shows that 
the effective flash 
duration (above the 
dashed line—1/3 of 
maximum intensity) 
is less than 2 micro- 
seconds. 


Intensity, arbitrary units 











Time, microseconds 


back edges are inset to permit the case fronts and backs 
to overlap. Fronts are spot welded in place, and the 
backs are attached by machine screws in swaged and 
tapped holes. This type of fabrication involves the use 
of forming tools instead of drawing dies, and was chosen 
because of the relatively small production expected on 
this highly specialized equipment. The chassis for each 
unit is punched in the flat, followed by forming, spot 
welding and plating operations; drawn steel handles 
provide for easy portability. A single photoetched alum- 
inum plate combines nameplate, rating plate and control 
function escutcheons. 

Rounded corners, tapered carrying handle and pol- 
ished chromium trim relieve the severe appearance of 
a nearly cubical steel box. A touch of red accent en- 
hances the effect. A smooth light metallic gray subsur- 


| face hammer finish was chosen for its rich appearance, 


and good wearing and covering qualities. The smooth 
black photoetched aluminum nameplates used are at the 


| same time attractive and functional. 


All primary goals in the development project were 
accomplished. A time-intensity curve for a typical unit, 


| Fig. 7, indicates the instantaneous voltage across a re- 
| sistor connected in series with a high vacuum blue- 


sensitive phototube. The data were taken from an oscil- 


| loscope having a single driven sweep with precautions 
| to insure frequency response and photometric linearity 
| in the measuring circuits. No attempt is made to assign 
| absolute units to the vertical scale, since such data serve 


little useful purpose in view of film saturation and reci- 
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COAXIAL CABLE 






moisture-seal wrap of 
“Teflon” tape sealed with 
silicone —————> 


copper braid shield ——» 


silvered copper 
braid shield ——>@ 
“Teflon” tape insulation 7 
sealed with _-/ 
silicone —>\ 











conductor ——»> 








“TEFLON ’”” 








No other available 
material has the com- 
bination of low elec- 
trical losses and heat- 
resistance of 
Du Pont ‘Teflon’ 
tetrafluroethylene 
resin. 

“Teflon” tape is seeing wider and 
wider use in such applications as insu- 
lation for wire and cable, ground insu- 
lation for motors and generators, con- 
ductor and layer insulation in trans- 
formers and coils. Its power factor is 
less than 0.0005 and its dielectric con- 
stant only 2.0 over the entire spectrum 
measured to date, 60 cycles to 30,000 
Megacycles. Its dielectric strength is 
excellent and is unaffected by tempera- 
ture changes up to at least 400°F. The 
tape gives service up to 500°F.““‘Teflon” 
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glass braid ————»> 





HIGH-VOLTAGE 


CABLE | 


<— glass braid’ 


* 


<— “Teflon” tape 
il / insulation sealed 
jeene conductor 


with silicone 


tape has excellent mechanical strength 
and pliability . . . at temperatures as 
low as —80°F. In wrapped construc- 
tion it fits even more tightly as the 
temperature is raised. It has zero water- 
absorption, and is unaffected by out- 
door weathering. 

“Teflon” is supplied by Du Pont in 
the standard shapes of rods, tubes, 
sheets, beading, and tape, and in mold- 
ing powder, both shredded and granu- 
lar. WRITE NOW for more data on 
the properties and electrical uses of 
**Teflon”’! 

E. I. du Pont de Nemours & Co. 
(Inc.), Plastics Department, Main 
Sales Offices: 350 Fifth Avenue, New 
York 1, New York; 7 South Dearborn 
Street, Chicago 3, Illinois; 840 East 
60th Street, Los Angeles 1, California. 
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HOOK-UP WIRE 

















<—— glass braid 


| |<— “Teflon” tape 

insulation sealed 
with silicone 
<— conductor 


TAPE INSULATION 
SERVES FROM -80° TO 500'F. 





(Wire and cables shown above made with “Teflon” Tape by 
Boston Insulated Wire & Cable Co., Boston, Mass.) 


Tune in to Du Pont ““CAVALCADE OF AMERICA,” 
Tuesday nights— NBC coast to coast. 
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BETTER THINGS FOR BETTER LIVING 
THROUGH CHEMISTRY 





procity-failure effects mentioned earlier in the article, 

As a demonstration of the effectiveness of the equip. 
ment, the headpiece illustration shows a microtome blade 
rotating at 48,000 rpm or approximately 900 ft per see, 
The blade is about to section a specimen of tissue prior 
to electron photomicroscopy. OOO 
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you can buy... 


Design the Right Plastic 


Your phone book lists the nearest Alcoa Into Your Major Appliance 
sales office under “aluminum”. For 


prompt quotation, technical book and 
help based on 62 years of aluminum 


knowledge ...call there or write oi . oe :. 
é é é nd this success 
ALUMINUM COMPANY OF AMERICA, seen, this is a rather complicated part, a d this s 


1896A Gulf Building, Pittsburgh 19, Penna. ful plastics application did not spring overnight from 

the designer’s board into production. Let us follow # 

through the three-step plan for selection of materials 

The initial consideration was to study the operating 

A LCO fay Cg € oy conditions under which the part was to function. Firs 
of all it was to support the motor itself, thus requiring 

i the properties of a nonconductor. Next it supports the 

D : 4 py S i \ 6) S bearings and carbon brushes. Therefore, it must have 


| good dimensional stability and be held to close dime 


(Continued from page 65) 
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Photo: Courtesy of 
Barber-Colman Company, 
Rockford, Illinois. 


Want to assure 
DEPENDABLE 
machine tool 
performance? 


. TT 
ine Toon cS — 


Sunthinol” = 
yn ino Machine tools are built for rugged service. Heat, vibration 


oil, corrosive fumes, chemicals, moisture . . . all, or any 


Machine Tool and Control combination of these service conditions may be provided 
Wire is th e answer for from the standpoint of machine design. But. unbage the 

electrical circuits of your machine tools are similarly pro- 
Underwriters’ Laboratories approved tected, you cannot count on dependable performance. 
as Type TW, with end use approval for That is why it will pay you to specify Rome Synthinol 


80°C operation in air; 60°C operation 


: : : Machine Tool and Control wire. Its thermoplastic insula- 
exposed to oil and in wet locations. : Ca : : : ; 
».< » Gantbodns to Mathonel Machine tion is highly resistant to flame, moisture, acids, oils or 
Tool Builders’ Association Standards. cutting solutions. Rome Synthinol is made to stand the 


abuse of high speed, automatic operation. It is available 
in a wide variety of clear, permanent colors for easy cir- 
cuit identification. Successful machine tool manufacturers 
It Costs Less to Buy the Best... depend upon it for its consistently high quality. 
Buy Rome Synthinol For the complete story, ask for Bulletin 101. Coupon 
below is for your convenience. 


“TRADEMARK REGISTERED 


aa ROME CABL 
Please send me the Rome Synthinol Bulletin 101 Mae 
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sional tolerances. Also, it must not deform under the 


Wit TTY: and motor heat. The first condition could be met by any 


of the plastics materials. However, the rigid dimen- 
iW eA: elt) AGE sional stability requirements eliminated the use of the 
\ thermoplastics. Since the design called for this part 


to carry the rear wheels and to protect the motor, 
PARAMO i NT better than average shock resistance was also re 
quired. Design of the part was such that the material 
SPIRAL PAPER TUBES must have good molding properties; and since it was 
WOUND an external part, the material selected must have q 
good appearance. All of these requirements narrowed 
All Sizes in Square the field of materials down to a phenol-formaldehyde 
and Rectangular Tubes of either the general-purpose or the improved-impaet 

Leading manufacturers rely on type. . ; : 7 
the quality and exactness of A single-cavity mold was built and motor casings 
PARAMOUNT paper tubes for molded from a number of general-purpose and im- 

coil forms and other uses. Here : . ES: 

you have the advastnge of fons. proved-impact phenolics. Complete motors were assem- 
specialized experience - pro- bled and the dimensional characteristics checked through 
ducing the enact chapescad sizes actual performance tests. Other samples were sub- 
for a great many applications. 7 : . 
Hi-Dielectric, Hi-Strength. Kraft, jected to abnormal abuse tests on a specially built 
Fish Paper, Red Rope, or any machine.* Here the cleaner was run down an inclined 
combination. Wound on auto- . ; «ae 
acai Glaaaiuns plane in such a manner as to strike on a steel projection, 
plus or minus .002”. Made to By varying the length of run or the angle of the incline, 
ee the severity of the test can be varied. On the basis of 
tncide Pestencters from 992” to 19.0” these tests, strengthening of the rear portion of the 
molding was indicated, since impact blows such as 


| might reasonably be encountered in service were found 
PARAMOUNT PAPER TUBE CORP. | to break the part. Therefore, wall sections were 
612 Lafayette St., Fort Wayne 2, Ind. strengthened and more generous fillets added after 


Menal of Paper Tubing for the Electrical Industry which the moldings were no longer broken during the 
impact tests. An improved impact phenolic was speci- 


fied to provide the adequate strength with good surface 
finish and a reasonable cost factor. 

After this part went into production, the dimensions 

| were constantly subjected to gage checks, the color and 

TRACING CLOTH surface finish compared to standards, and the shock 

resistance was measured periodically by the falling 

ENCILS weight test. While this particular model has been in 

FOR HARD i" | the field slightly less than two years, service replace- 

ment records indicate that the choice of material was 
good since no replacements have been required. 





Plastics Dirt-Finder Lens 


Let us take another case history, in this instance a 
relatively small part. The dirt-finder lens, shown in 
Fig. 7, is mounted in the cleaner motor hood to diffuse 
the light from the bulb and to carry out the desired 
styling. This lens was required, of course, to transmit 
the maximum of light with some diffusion to break up 
the filament pattern of the clear glass bulb. Its position 
within 4 in. of the bulb required a material which 
would withstand 190 to 200 F operating temperature. 
At the same time, the lens should be sufficiently strong 


@ Imperial Pencil Tracing Cloth has the “~ to resist shock loads such as occur when the cleaner 
same superbly uniform cloth ee is run against furniture. 
oo eettatna Chath, bet inlc didingetchod Unfortunately, at the time this model went into 


by its special dull drawing surfate, on production some ten years ago, there were no trans- 


eee ate cameras parent thermoplastic materials available which would 
ean, sharp, op , non- . 


Erasures are made easily, without withstand the high temperatures encountered. There- 


damage. It gives sharp, contrasting prints fore, this part was originally designed in glass. When 
of the finest lines. It resists the effects 


ndainae: ond dees ast baeie IMPERIAL PENCIL a few years later the high-temperature acrylic resins 


brittle or opaque. were developed, the lens was restudied. Heat distortion 


imperial Pencil Tracing Cloth is risht TRACING CLOTH 


for ink drawings as well. *See EvecrricaL MANUFACTURING for October 1948, page 171, Fig 
9 : ] I 
$< D BY LEADING STATIONERY AND DRAWING MATERIAL DEALERS EVERYWHERE 9, for an illustration of this test machine. 
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Now Com mercvally 
uatlatle... 

in full width rolls, in tapes 
down to 12”, on stand- 
ard woven or open 
weave fiberglas. 

Write for data 

sheet. 


NEW JERSEY 


ELECTRICAL INSULAT 


Othe. Vartexr Producls 
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NATIONAL 


MOLDED PRODUCTS, INC. 
ST. MARYS, PA. 


SELF LUBRICATING BEARINGS 
STRUCTURAL PARTS 
CAST BRONZE BUSHINGS 
AND BEARINGS 


MADE TO CLOSE TOLERANCES 


Q°UNILARM 


TRADE-MARK 


cola esi litt ci cin j 


The Unitized Alarm Syste 


Unilarm, the factory built, standardized alarm system com. 
bines in one unit the many features essential for complete 
protection—unfailing in operation, easy to maintain. 


Reduces installation costs to a fraction of previous systems. 


Russell & Stoll’s 46 years of specialized experience insures a 
product worthy of your confidence. Bulletin U 46-12 on request. 


EXPLOSION-PROOF VAPORTIGHT 
GENERAL PURPOSE 


Sold through Electrical Jobbers 
Sales Representatives in Principal Cities 


RUSSELL & STOLL COMPANY. INE. 


Precision-Built Electrical Equipment 


125 BARCLAY STREET, NEW YORK 7, N. Y 


tests on molded lenses showed that the high-temperature 
acrylics would not soften or distort at cleaner operating 
temperatures. And in addition, the plastics lenses were 
much more resistant to breakage than was the glass, 
ut, best of all, there was a savings of 34%4¢ on each 
acrylic part over its counterpart in glass. Needless to 
say, the change was made. However, that was not the 
end of the development of this part. When the high- 
heat resistant polystyrenes became available they were 
evaluated for the application. Again heat distortion tests 
and impact tests showed the polystyrene to be satis- 


Fig. 8—Assorted vinyl parts replace rubber for such 
applications as bumper strips, cover for die-cast nozzle, 
and dusting brush. Vinyls were selected because tests 
indicate that they age better, mark less, and look better. 


factory. Again the change was made, and a further 
savings of 2¢ on each lens was achieved. Incidentally, 
the plastic lens design was identical with the glass 
design. Another advantage of the plastics lenses over 
the glass is the superior transparency of the polystyrene 
lens over the glass lens. 

A third interesting development is that of the cleaner 
wheels. As may be seen from Fig. 1 (Page 61) the 
rear and front wheels are of two different styles. The 
rear wheels, with a narrow tread, are molded with a 
solid web like the automobile disk wheel. Obviously 
it would not be desirable to mold the wide wheels sol- 
idly. That would add material cost, weight, and require 
excessively long curing times. Therefore, the front 
wheels require a stronger material to prevent breakage 
of the thin sections. It was desirable that the wheels 
should be capable of running for long periods without 
excessive bearing wear or noise, and without lubrication. 

To solve the lubrication problem and _ eliminate 
squeaking, special phenolic materials with approxt- 
mately 6 to 8 per cent graphite were specified. This 
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AND WE’D LIKE YOU 








TO JOIN THEM! “Ly. 
A company, too, is known by the company it 
keeps. The names you see, here, are but a few ‘Bind 
of the many leaders, in many industries, who 
have found a common meeting point in their 
purchase of aluminum component parts from 


our Contract Division. 


These manufacturers, knowing the importance GLoBe AMERICAN CORPORATION 
of assured dependability in fabrications selected LI 

for their various assemblies, have confidently LZ 
placed their reputations in our keeping. That 

each is impressively outstanding in its field 

clearly testifies to the fact that our share in their 

diverse products contributes consistently to 


IA , 
manufacturing and selling success. MOnp T 





ous 
SPERRY GYROSCOPE co wWesti"S gh | ; 


wesrern Electric company 


FRIGIDAIRE ~=MauorY  “\te*" ial BENDIX 


Our engineering, design, metallurgical, fabricating, and finishing 





ALSO MAKERS OF 


departments are at your service, whenever you say the word. MI a RO 
We suggest that you wire or write for complete information. The Finest Aluminum 
Cooking Utensils 
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graphite being uniformly dispersed in the molding sup. 

plied a continuous lubricating action. The graphite-lubri- 

cated materials have been used for many years with 

good success. An improved impact grade phenolic jg 
| specified for all small wheels, and experience has shown 
| this grade to be satisfactory. For the large ribbed wheels 
| the highest impact phenolic capable of being auto- 
matically preformed and giving a good surface finish ig 
used to provide the necessary strength. 

No discussion of plastics applications on appliances 
today should overlook the elastomeric vinyl materials, 
These materials are starting to appear on appliances, 
and their potential applications, largely as a replacement 
for rubber are tremendous. Fig. 8 illustrates five 
current applications in Hoover products. The long 
molded furniture guard or bumper strip, which fits 


USE A DETROIT | around the nozzle, serves to protect furniture and base- 
POWER SCREWDRIVER boards from contact with the metal casting. It must be 


Discard the out-of-date, slow hand method of driving screws . . . 
Do it this speedy, time and labor saving way that will boost your 
production and bring costs down. 


IMMEDIATE SHIPMENT... 


on certain models. Detroit Power Screw- 
drivers are hopper-fed and furnished in 
three models . . . Will drive all types of 
screws, as fast as one a second... All 
driven to uniform tension ... Will not strip 


threads or mar heads. 
Model A 


A sensitive but sturdy 
machine for driving small 
screws in delicate as- 
semblies. Capacity, No. 2 
to No. 6 screws. Both 
bench and pedestal types. 
Designed for maximum 
service, easy operation 
and speed. 

























A powerful machine for 
heavy-duty assembly 
work. Every part husky 
enough to stand driving 
hardened cap screws to 
a tension of 50 foot 

unds. Capacity, %" to 
me diameter screws. 
















Fig. 9—Furniture guard abuse test. In this machine, re- 
peated drops on steel bars test cutting resistance of 
bumper materials. 











resilient, yet tough enough to resist cutting, especially 
where it bends around the corners. It must not leave 
a mark or smear on the light woodwork which it con- 
tacts, and it should not crack or deteriorate on aging. 
Fig. 9 shows a laboratory test designed to test cutting 
resistance. A steel weight to which the guard is fastened 
is raised and dropped on steel bars. Repeated drops soon 
cut through poor guard materials. Based on toughness, 
nonmarking properties, aging, and appearance, the 


elastomeric vinyl materials were found superior to rub 
SEND SAMPLE ASSEMBLIES FOR ESTIMATE ber. 


Dusting brush material requirements are, in general, 
ae ta a eS ae gty the same as for the furniture guard. In this particulaf 


; ; a 
2817 WEST FORT ST. DETROIT. 16, MICHIGAN design, the hair support and the nozzle are molded 
one piece, achieving economy of production. The elon 














Model B 


A real production ma- 
chine designed for con- 
stant service. It drives a 
range of screws of all 
from No. 6 to %” 

‘ er, up to 2° in 


tag. Sos bench and 
| types. 
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THE FLEXIBLE, EXTRUDED 
PLASTIC TUBING THAT 
RESISTS HIGH 
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Hexite PHYSICAL & ELECTRICAL PROPERTIES 


o—tensile strength, minimum average 2500 PSI 
b—ultimate elongation, minimum average 300% 
c—dielectric strength, minimum 800 v/mil 
d—fiammability non-inflammable 


e—heat resistance — after 100 hours at 300° F. the tubing is not 
brittle and when flexed does not crack. 

f—heat endurance — recommended for continuous operating tem- 
peratures up to 105° C., and when baked at 125° C. for 2,000 
hours does not become brittle. 


g—low temperature flexibility —30° C. 
h—heat shrinkage ASTM Standards 
#20 — #17 incl. — less than 8% 

#16 — # 6 incl. — less than 5% 
# 5 and larger — less than 3% 


i—oil resistance —highly resistant to effects of transformer and 
lubricating oils, does not stiffen when continuously exposed 
to them. 


Colors — black, white, red, green, yellow and blue are standard 
colors. 


Dimensions and Tolerances — standard sizes to fit B & S wires 
#20 to #0 inclusive, as speicfied by ASTM Spec. D922-47T. 
Wall Thickness — in accordance with ASTM Spec. D922-47T, as 
follows: 
#20 — #10 incl. — .016” + .003” 
# 9 — # O incl. — .020” + .003” 


Standard Lengths — Standard 36” lengths or continuous lengths in 
coils. Sizes #20 — #10 incl., will be supplied on paperboard 
spools when so ordered. 

Quality — uniform in quality and condition, smooth on both inside 
and outside, free of defects such as pin-holes, blisters, foreign 
inclusions and other imperfections. 


Test Methods — properties enumerated in above specifications shall 
be determined according to Tentative Methods of Testing Non- 
rigid Polyvinyl! Tubing, American Society for Testing Materials, 
Designation D876-46T. 





. 1 \\) TEMPERATURES 


ABOVE 


105 ¢ 


YES, FLEXITE is the electrical insulation tubing 
that sets new standards for resistance to extreme 
high temperatures. Compounded of a plasticized 
copolymer of vinyl chloride and vinyl acetate 
and manufactured with a true wall thickness, 
smooth inside and outside, FLEXITE PLASTIC TUB- 
INGS offer the greatest resistance to high and 
low temperatures, are extremely flexible and have 
great tensile strength. 





FLEXITE compares more than favorably with tub- 
ings of similar nature. Check the specifications of 
FLEXITE, compare them with the requirements for 
your products and against other insulations for 
identical use. ... 


YES, You will find that rLEXITE sets a new high 
standard for protection against high tempera- 
tures, high dielectric, stretching, tearing, 
abrasion, exposure to acids, oils and alkalies, 
flammability, etc., etc., etc... — ... samples and 
additional information will be sent upon request. 


And for a Plastic Tubing to Withstand Normal 
High Temperatures Mitchell-Rand Offers .. . 
Flexite-Norm ... write for specifications. 











Whatever your 
electrical insulation problem} 
titchell-Rand has the an 





And for a Plastic Tubing to Withstand Normal High Temperatures 
pwn Mitchell-Rand Offers .. . Flexite-Norm... write for specifications. 


A PARTIAL LIST OF M-R PRODUCTS: FIBERGLAS VARNISHED TUBING, TAPE AND CLOTH + INSULATING PAPERS 


AND TWINES + CABLE FILLING AND POTHEAD COMPOUNDS + 


FRICTION TAPE AND SPLICE + TRANSFORMER COM 


POUNDS »* FIBERGLAS SATURATED SLEEVING + ASBESTOS SLEEVING AND TAPE + VARNISHED CAMBRIC CLOTH AND 


TAPE + MICA PLATE, TAPE, PAPER, CLOTH, TUBING - 


SLEEVINGS + IMPREGNATED VARNISH TUBING - 
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FIBERGLAS BRAIDED SLEEVING » COTTON TAPES, WEBBINGS AND 
INSULATED VARNISHES OF ALL TYPES + EXTRUDED PLASTIC TUBING 
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TEDEX RELAYS and 
a ee eee 
CIRCUIT SELECTORS 


ROTARY SOLENOID 
OPERATED 


ees 
or 


@ REMOTE CONTROL 

@ SELF-STEPPING OR 
EXTERNAL IMPULSING 

@ POSITIVE DETENT ACTION 


for remote control of multiple 
complex circuits 


Many versatile designs of stepping, counting, adding and 
subtracting, latching, and circuit selecting relays are made 
possible by the combination of the Ledex Rotary Solenoid 
and wafer type rotary switches. Self-stepped or externally 
impulsed, the device is immediately adaptable to many re- 
mote control applications. A choice of wire sizes permits 
a wide range of operating voltages and power requirements. 
Various types of mountings further increase its adaptability. 
In addition to its positive control of multiple, complex cir- 
cuits, a reserve of mechanical power is available for the 
performance of duties other-than switching operations. 

We supply quantity users and solicit the opportunity to 
assist in solving multiple circuit relay problems. 


ERE 
DIRECT TO 4 A ZA Ts 


111 WEBSTER STREET, DAYTON 2, OHIO 








gated furniture brush hair support replaced the former 
design in which rubber was bonded to a brass-plated 
steel insert. Here again, the nonmarking characteristics 
of the vinyl plastic show a superiority over rubber. 

In the rug nozzle guard (see center Fig. 8) is a 
molded vinyl covering over the die-cast nozzle. This 
material was selected for this application because it 
offers protection to furniture from the metal edges, is 
nonmarking, it eliminates finishing of the casting, and 
it can be molded with a glossy finish such as cannot be 
achieved with rubber. The extruded tubing which slips 


Fig. 10—Special test fixture for handle-switch triggers. 
Specimens are held rigidly in vise of a standard Izod 
impact test machine and give reproducible results. 


over a section of the attachment cord was made from 
vinyl plastic because of its good appearance and tough- 
ness. In spite of all of the good things we have just said 
about the elastomeric vinyl materials, they also have 
drawbacks. The heat distortion point is low. Parts 
should not be expected to operate at temperatures above 
140 F. Care must be exercised that migration of plasti- 
cizer from the plastic will not harm adjacent finishes. 
The cost of vinyl materials is usually too high to make 
them competitive with rubber on a basis of cost alone. 
In some cases, however, where the part is small, the 
faster speed of injection molding and lower costs of 
tooling will actually favor the vinyl materials. 
Another plastics part, insignificant in size but im- 
portant in operation, is the handle-switch trigger. This 
part, weighing only 0.10 0z., must have sufficient shock 
resistance to withstand quite hard blows. During the 
development of this part, we found it difficult to estab- 
lish a laboratory test procedure to measure this prop- 
erty. The requirements to be met were that it should be 
as good as or better than competitive products. All 
efforts to measure shock resistance gave extremely vari- 
able results on supposedly identical triggers. Finally, a 
special jig (Fig. 10) was built to hold the triggers rig- 
idly in the vise of a standard Izod impact machine. 
Once reproducible test results were obtained, it was 4 


ELECTRICAL MANUFACTURING 





WE NEVER 

START ANYTHING 
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FINISH 




























MORAINE PRODUCTS 


DIVISION OF GENERAL MOTORS DAYTON, OHIO 


METAL POWDER parts py MORAINE 















It has always been Moraine’s policy to turn 
down orders for metal powder parts unless 
we are positively sure that the powder met- 
allurgy process will work to the advantage of 
the purchaser. That policy is paying off, too. 
It brings us inquiries from prospective cus- 
tomers who know that, if we do undertake 
their work, they will benefit through savings 
in costs or through improved performance. 


If you are using parts that might be made 
better and more economically by powder 
metallurgy, consult our engineers. If the shape 
of a part permits good die fill and correct 
density ... if its required physical properties 
and tolerances can be obtained by normal pro- 
duction methods... and if it is to be made in 
quantities sufficient to justify tooling costs... 
then, and only then, will we take on the job. 
And, even before we begin to produce, you 
can be assured of dependable results—for 
we never start anything we can’t finish right. 






















Completely New! 


An Entire Series 
of NEW, SMALL 
ROTARY SWITCHES 
By “Diamond H” 


& 


Series 240 Switches 

Single Hole Mounting 

Model Shown actual size 

144” high x 14%” wide x 1” deep 

AND Attractive Bezel-equipped Models for snap- 
in mounting. 


Both Types Available In These Circuits: 


Series Parallel 3 heat 4 position, Double Pole 
Series Parallel 3 heat 4 position, Single Pole 
ON & OFF, both Double Pole and Single Pole 
OFF-ON (circuit 1) — OFF-ON (circuits 

1 & 2) Double Pole 
15 A., 125 V., 7% A., 250 V. A.C. Only 
Underwriters’ Laboratories Approved 


For BIG Jobs In Applications Like 


These ... 


Hot Plates Rangettes Coffee Makers 
Fan-type Heaters Beauty Parlor Equipment 
Air Conditioning Equipment Fans Washers 
Ventilating Equipment Small Motors 

And similar appliances and equipment 


NO OTHER SWITCH WILL GIVE YOU 
ALL THESE LONG-WANTED FEATURES 


@ COMPACTNESS — unmatched by any 
other switch. 

@ HEAT RESISTANCE — completely efficient 
operation with ambient temperatures up 
to 400° F. 
ENTIRELY ENCLOSED — for safety’s sake 
and protection of working parts. 
HIGH OVERLOAD CAPACITY — ratings 
are conservative. 
PROVEN PEAK PERFORMANCE — thanks 
to long recognized “Diamond H” slow- 
break principle and heavy silver contacts. 
LONG SERVICE LIFE — because of in- 
geniously simple design and rugged con- 
struction. 


Write today for complete details on “Diamond 
H” Series 240 Switches for your applications. 


THE HART MANUFACTURING CO. 


Bartholomew Ave., Hartford, Conn. 





simple matter to test various materials and to specify 
the proper grade of phenolic molding powder. 


Conclusions 


Do plastics have a place in major home appliances? 
Based on our experience over the last fifteen years, the 
answer must be an unqualified yes. Plastics materials 
offer a range of properties and freedom of design not 
found in any other materials of construction. Service 
replacement records prove that plastics parts are not 
unduly subject to breakage. The trend in the appliance 
industry, as it is in many other fields, points towards the 
wider use of more plastics both on a poundage basis and 
in a wider variety of materials and applications. 

ut if we are to win and maintain consumer confi- 
dence in the larger plastics applications, it is essential 
that we select that material best suited for each appli- 
cation and to be certain that the material selected is 
satisfactory through a rigorous testing program. Al- 
ways keep in mind the operating conditions, both nor- 
mal and abnormal, and test the application thoroughly 
under those conditions. Ogo 


Electronic Speed Control 
Assures Safety at High Speeds 
(Continued from page 69) 


tained between two bolted %-in. guide plates. When 
the door reaches its extreme forward, or closed, position, 
the three wheels drop into three matching counterbores | 
in the lower plate and the door is sealed by a % in, | 
rubber O-ring around the top periphery of the vacuum 
chamber. 

When the manual air valve is closed so the chamber 
can be evacuated, coordinated controls simultaneously 
raise a 4-in. steel bar to prevent reopening the door, 
and start the motor on the vacuum pump if its primary 
switch has been closed. These controls also lock them- 
selves so the vacuum cannot be broken or the door 
opened while the machine is running at speeds above 
a maximum which can be set anywhere in the range 
3000 to 5000 rpm. In some laboratory operations it is 
desirable to run with the chamber open, but not above 
5000 rpm. 

Controls on the rear panel are arranged in sequence 
from left to right according to the operating steps in- 
volved in making a run. At the extreme left is the time 
switch, which must first be set, either to “hold” or to 
the required length of run in minutes. Next are two 
toggle-actuated circuit breakers, one for control and 
protection over refrigeration, the other for primary 
power, with associated pilot light. Centered in the panel 
is the tachometer which reads directly in rpm and in- 
cludes a revolution counter used both for recording 
accumulated operating time and as a speed check for 
independent timing. This unit is driven by flexible shaft 
from the tachometer take-off on the drive assembly. 

To the right of the tachometer are two toggle switches, 
one a breaker for primary power to the vacuum pump 
—with an associated pilot light—and the second a 
selector switch for the two braking rates for rotor 
deceleration. Normal braking is supplied through the 
frictional drag of the gearing and motor. Fast braking 
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Appliances need good motors to give 
dependable service. Years of engi- 
neering and manufacturing experi- 
ence have put top quality into Delco 
appliance motors. 


But today, appliance manufacturers 
need even more than that. Fast 
changing markets often mean changes 
in motor specifications or delivery 
dates. Because Delco is organized 
to meet these requirements, manu- 
facturers get what they want—when 
they want it—changes included. 


That’s why more and more spec 
sheets carry the note, ‘“‘ DELCO PRE- 
FERRED.” Compact Delco Motors, 
designed to meet the specific torque 
and service requirements of the 
application, are built in sizes from 
14 H.P. up. 


v v 


Why not get all the facts about 
Delco Motors? Contact the nearest 
office listed below— 


SEE YOUR LOCAL MOTOR DISTRIBUTOR 
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Simplify Your Wiring Work with 


KULKA TERMINAL BLOCKS 


for Electronic Equip. & Lighting Fixtures 


@ ELIMINATES 
SPLICING 


@ STOPS LEAKS 
AND SHORTS 


Made of high 
tensile strength 
Bakelite. Screws 
and solder lugs 
are of nickel- 
brass. Blocks 
come in 4 sizes 
with 1 to 23 ter- 
minals, and with 
or without plain 
or imprinted 
marker strips. 
Other styles 
available have 
two-sided solder 
lugs (center cut 
shows one), and 
with lugs eyelet- 
ted to block. Sol- 
der lugs in all 
sizes may be had 
also for screw- 
type (top cut). 
Write Dept.T for Detailed Bulletin 





g 
UE KULKA ELECTRIC MFG ie 


| SOUTH ST., MT: VERNON. W 





MAIL COUPON TODAY 


H. M. HARPER CO., MORTON GROVE, ILL. Dept. A4 


Please rush your current stock list of non-ferrous and stainless steel 
fastenings showing quantities, sizes and types available for imme- 
diate shipment. 
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is accomplished by switching in a resistor to limit motor 
current and reversing field connections. One of the 
functions of the electronic unit is the automatic removal 
of the fast braking rate at 1000 rpm. This brings the 
rotor to rest at the slower deceleration to minimize 
stirring. The control at far right of the panel is the 
speed-setting dial, calibrated 0 to 40,000 rpm and acting 
in conjunction with the electronic unit to hold rotor 
speed to the figure sélected. 

Of the two controls on the upper body of the machine, 
the left is the mechanical actuator for the door. When 
the door is in the open position, the locking bar, which 
operates as one of the triple functions of the right knob, 
is blocked from rising and the vacuum pump cannot be 
started, nor can the air valve be closed. This control 
can be seen in Fig. 2. When the door is closed, the 
right knob is free to turn clockwise, raising the locking 
bar by cam action, closing the leaf-type contacts to the 
vacuum pump, and shutting the air valve. A latch be- 
hind the knob falls into place to lock the control in 
this position. The latch is released by a solenoid which 
is actuated by one of the circuits in the electronic unit 
in such a way that the latch is effective in the speed 
range where the rotor is required to run in vacuum. 
OO G 





Improved Cooling of 


Electrical Devices 
(Continued from page 75) 





As mentioned above in connection with forced-air 
cooling, it is important that the water flow be turbulent 
rather than parallel, laminar or viscous flow. The 
criterion of turbulency is Reynolds number given by: 


DdV 


b&b 


R, = 





in which R, = Reynolds number (dimensionless) 

D = equivalent diameter of the cross sec- 
tion of the fluid channel in cm. In an 
annular water jacket the equivalent 
diameter D is equal to the Diieconal 
between jacket ID and apparatus OD. 

d = density of fluid in gm per cc. 

V = average fluid velocity in cm per sec 

» = viscosity of fluid in gm per cm-sec 


When R, is smaller than 2100 the flow is always 
viscous ; with R, greater than 4500 it is turbulent. With 
intermediate values the flow is unstable and may change 
from turbulent to viscous and vice versa. From above 
formula it is apparent that Reynolds number and water 
velocity are intimately related. The immediate effect 
of an increase of water velocity is the intensification of 
turbulency of flow; a more turbulent flow makes a 
greater inroad into the thin stationary films of water 
ever present at the hot surface. 

One of the highest dissipation figures has been 
achieved on water-cooled transmitting tubes (600 to 
800 watts per sq in.) having a round anode within an 
annular water jacket, Fig. 6. In order to increase the 
water speed (and turbulence) a stainless steel wire 
spiral was introduced into the space between anode and 
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OUTSTANDING FEATURES OF 
THE MALLORY 
MODEL J TIMER SWITCH 


@ Small size. 
@ Few parts and simple design. 


@ Will operate on any commercial 
frequency and voltage. 


@ Will handle up to 20 amperes. 
@ Foolproof operation. 


@ Approved by Underwriters’ 
Laboratories, Inc. 


Television Tuners, 


Special Switches, Controls and Resistors 





New Mallory Timer Switch 


Controls Dual Circuits... 


With Applications Unlimited ! 


Mallory creative engineering keeps right in step with the ever- 
changing needs demanded by product and market evolution... 
with new and different products designed to improve the operation 
of equipment for industry and the home. 


Typical is the Mallory Model J Timer Switch . . . based on the same 
principle that revolutionized the washing machine industry. Orig- 
inally designed for a clothes-dryer application . . . controlling the 
off-on switching of a drive motor and a heatingelement.. . the 
Model J is ready for use on almost any two-circuit job. It can be 
set to operate for 135 minutes for one revolution of the shaft... 
can be adapted to other time cycles in production quantities. Many 
manufacturers are finding that its positive action, dependability 
and unusual versatility surpass their specifications. 


That’s value beyond expectation! 


This switch already is enjoying wide acceptance... perhaps it 
belongs in your new product. Or if your needs demand another 
type of special timer switch, let us know. What Mallory has done 
for others can be done for you! 


SERVING INDUSTRY WITH 


Wa) va Me | Capacitors Contacts 
a“ Controls Resistors 
es e Ke Rectifiers Vibrators 
Special Power 
Switches Supplies 


P. R. MALLORY & 
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AIR COOLED 
POWER 
TRANSFORMERS 


All steel construction, with 
silicon steel cores and vac- 
uum impregnated coils. 
More performance per 
pound at 55° temperature 
rise. Stock sizes 1/10th to 
50 KVA all standard volt- 
ages up to 600 primary. 
2300 volt ratings available 
in 1% to 25 KVA. Write 
for Bulletin. 
















































































































BELL RINGING, CHIME 
AND SIGNALLING 
TRANSFORMERS 


Acme Electric transformers are 
built to last the life of the instal- 
lation. The same quality steel, 
insulation and workmanship goes 
into making these transformers as 
in large power transformers. Write 
for Bulletin. 
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your “BEST BUY”’ in 


TRANSFORMERS 


Acme Electric transformers provide more perform- 
ance per dollar invested. Designed to high perform- 
ance standards, and constructed to provide long life 
service, your selection of Acme Electric transformers 
adds extra quality to the installation. 





STEP DOWN 
TRANSFORMERS 


For plugging into a 
200/240 volt power cir- 
cuit to provide 115 volt 
service to lights, small 
motors, accessories. 
Available in sizes from 
75 watt to 2000 watt. 
Bulletin SD 151 tells all. 





FLUORESCENT LAMP BALLASTS 


You'll see the dif- 
ference in more light 
output, longer lamp 
life, quiet operation 
when an Acme Elec- 
tric Ballast is instal- 
ed in your fluor- 
escent lighting units. 
Write for Bulletin. 


ACME ELECTRIC CORPORATION 


CUBA, N. Y. 








jacket thus producing helical flow of cooling water. (8) 
The water velocity ratio is increased by the ratio 


v’ n 

—_ pa 

V 

in which V’= velocity of water with spiral 

V = velocity of water without spiral 
D = median diameter of water wall 
nm = number of turns of spiral 

l = total length of jacket 


Saving in water consumption or increase in dissipa- 
tion for this design is as high as 50 per cent, as shown 
by Fig. 7, where the performance with and without the 
wire helix is compared. Aside from increased dissipa- 
tion, the reduction in the rate of water flow is of major 
importance where the water must be filtered, purified or 
is scarce as for instance in water-to-air heat exchangers. 
Using less fresh water, the effects of sludge and corro- 
sion are minimized. Similar designs can be incorporated 
in many other water-cooled machines. 

Another method of obtaining increased dissipation 
from a cooling liquid has been described recently. (10) 
The cooling liquid is injected into the cooler or cooling 
jacket by means of concentric rings with jets pointed 
toward the surface to be cooled. Such jets of cooling 
liquid set up considerable turbulence in all directions 
within the cooler and contribute to a greatly improved 
dissipation. This increased heat transfer efficiency is 
not only of interest in connection with water cooling 
but also when liquids such as transformer oils, kerosene, 
antifreeze solutions and silicone oils are substituted 
because of extreme operating temperatures. The con- 
stants of those coolants add up in such a manner that 
the rate of flow must be doubled or trebled in order to 
attain the same turbulence as with water. The physical 
constants of oils are also such that the heat transfer is 
less; in other words, assuming the same heat dissipa- 
tion per unit area, the temperature of the surface to be 
cooled is always higher for oil than for water. 


Effect of Materials on Cooling Rate 


Of all metals generally used for radiators and cooling 
fins, copper has the highest thermal conductivity. In 
view of weight requirements and limitations, as in porta- 
ble or airborne equipment, it is often necessary to con- 
sider the substitution of copper with lighter metals such 
as aluminum or magnesium, or their alloys. Since these 
metals and alloys have a lower thermal conductivity than 
copper, the radiators, cooling fins and wall thicknesses 
must assume greater proportions if the same temperature 
rise is maintained. Aluminum for instance, has only 60 
per cent the heat conductivity of copper (Table I) while 
the specific weight of copper and aluminum is in the 
ratio of 3 to 1. Assuming that the size of the radiators 
is increased because of the lower heat conductivity of 
aluminum, it is obvious that there is still a considerable 
saving in weight. Experience has shown, however, that 
aluminum radiators can be designed to have 80 to 85 per 
cent the heat transfer capacity of a copper radiator of the 
same over-all dimensions without resorting to methods 
of improved cooling efficiency but by observing the 
simple rules of “optimum diameters,” maximum number 
of cooling fins, black paint, etc. If a light metal radiator 
is to replace a copper radiator requiring the same heat 
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transfer capacity and without an increase in physical 
size, it can be done only by improved cooling efficiency. 
The cooling of electrically operated devices is still 
divided between an art and a science. Most formulas 
throughout the rather voluminous literature on heat 
transfer refer to idealized conditions and simplified as- 
sumptions. The effect of such factors as dust, peeling 
| paints, and surface corrosion, vary considerably from 
case to case. Wrinkle finishes, for instances, with their 
| 
} 











uneven thickness and air spaces are an example of such 
complication. Nevertheless many devices can readily be 
redesigned for improved cooling, a fact which should be 
a challenge to design engineers to obtain greater utiliza- 
tion of material and increased savings in this age of ris- 
ing raw material, labor and shipping costs. OOO 







FOR LAMINATIONS AND PRECISION STAMPINGS 


Motor and electrical parts manufacturers using 
carbide dies realize substantial savings. These 
tungsten carbide dies have a life expectancy 20 
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Dielectrics 
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BALLS FOR BEARINGS AND OTHER BALL APPLICATIONS 








Precision balls for every requirement of the electrical industry. | A dielectric constant of almost 7 is obtained for the 
Made-le many diferent materials. Also special boerings and | latter. Owing to its oxide layer, which is an excellent 
| insulator, the magnesium particles are noncontacting of 
| very high-resistance contacting in nature, and the loss 


THE HARTFORD STEEL BALL CO peak is thereby much higher than 100 mc. The coppef 
HARTFORD 6, CONN. 





retainers. Send your specifications for recommendations from 
our Engineering Department. 







particles show less particle isolation, since the copper- 
oxide layer is a semiconductor. Aluminum flakes and 
particles of magnesium-aluminum alloy are thought to 
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100% ENCLOSED 
AND PROTECTED 
STREAMCOOLED 
BALDOR MOTOR 





Baldor Streamcooled Motors are 
solidly enclosed and fully pro- 
tected against dust, dirt, lint and 
all contamination. 

They are drip-proof, splash-proof 
and are NON-CLOGGING. 


Outer-mounted fan forces air over 
the ENTIRE EXTERIOR of the motor. 
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It pays to do 
business in 


New York State! 


Because New York State is the most con- 
centrated market in the world, a New York 
State location saves business millions of dol- 
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New York. 
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represent the third case wherein the particles contact 
with low resistance so that the dispersion is again 
shifted to higher frequencies. The data up to 100 me 
indicate the start of a peak at higher frequencies. 

Despite the highly theoretical nature of this inves- 
tigation, it is interesting to observe that a potentially 
practical application was mentioned. Dispersions of 
powdered metal in polystyrenes could be applied to tele- 
vision relay lenses. A weight saving of 40 per cent 
over pure polystyrene for lenses requiring an index 
of refraction of 1.5 could be made by a suspension of 
one-third by volume of spherical metal particles in 
polystyrene foam. Greater saving could be made by 
using prolate spheroids of suitable shape. 

A new class of ferroelectric ceramics was reported 
by S. Roberts, research laboratory, General Electric 
Company. His paper was based on a study of mix- 
tures of lead zirconate and up to 40 mole per cent 
barium zirconate. In electrical characteristics several 
of these compositions were found to be equal or supe- 
rior to compositions that held barium titanate as the 
major ingredient. On the other hand the new com- 
positions were more difficult to process. 

The zirconate ceramics discussed were processed from 
pure zirconium oxide, lead monoxide and barium car- 
bonate in the desired stoichiometric proportions and 
calcined in covered platinum crucibles at 1050 C. The 


Fig. 7—Null electrometer circuit set up for the National 
Bureau of Standards’ investigation of extremely low 
electrical conductivities of high polymer materials. 


calcined product was pulverized and compressed in the 
form of disks which were sintered at 1300 C to 1400 C. 
This was done in air with lead oxide vapor in equi- 
librium with molten lead oxide. (Maintenance of 4 
partial vapor pressure of lead oxide during firmg 
caused the processing difficulties previously mentioned.) 

Dielectric constant and loss were measured at 10° 
cps and in a temperature range from 25 C to 350 C. 


ELECTRICAL MANUFACTURING 





NICKEL 
ANODES 


THE SEYMOUR M 


JANUARY 1950 





tf ARCING ZONES 


In the electrical industry, many devices, interrupt- 
ing loads ranging from 15 amperes to 1,000 amperes, 
not only demand resistance to carbonization but also high 
dielectric strength, dimensional accuracy, and perhaps met- 
al inserts as well. ROSITE has these qualities, plus others 
that make it ideal for Motor Starter Arc Hoods, Safety Switch 
Arc Hoods, Contact Carriers, Arc Chutes, Motor Starter Bases, 
Fuse Cases, Brush Stud Moldings, Arc Vane ' 
Assemblies, Circuit Breaker Shields. 
For information on cold molded 
“stone like” ROSITE, ask for 
NEW BULLETIN No. 100. 


A Product of 
ROSTONE 


CORPORATION 
123 S. Earl Ave. 
Lafayette, Indiana 


NEPCO COMMUTATORS 


Nepco Quality and Nepco Service are a team 
that offers you complete satisfaction. Quality 
is controlled in every step of manufacture. 
For service you can depend upon see Nepco. 
Send us your specifications today. 
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The dielectric constant of pure lead zirconate is shown 
in Fig. 5, while that of a number of solid solutions of 
barium and lead zirconate is shown in Fig 6, both p. 85. 

Measurement of extremely low electrical conductiv- 
ities.of certain high-polymer insulating materials was 
the subject of a paper by Arnold H. Scott, physicist, 
National Bureau of Standards. In view of the low 
conductivities involved in this study, special equipment 
was found necessary. The materials in question were 
polystyrene, methyl methacrylate and polyvinylbutyral. 
In each case the material was specially purified and then 
precision molded into disks 4 in. in diameter. 

A Compton electrometer was used as a null indi- 
cator in a circuit shown in Fig. 7. The electrometer is 
shorted except during a measurement. The deflection 
of the electrometer MM during measurement is kept at 
zero by decreasing the capacitance of the variable air 
capacitor C at such a rate that it nullifies the effect on 
the electrometer of the current through the specimen. 
The capacitance is changed at a uniform rate by an 
electric motor which is geared to the capacitor. Speed 
of the motor is controlled by a variable series resist- 
ance. The conductance G of the specimen is com- 
puted from the formula 


where E, and Ex are the voltages applied to the vari- 
able air capacitor and the specimen respectively, and 
AC is the capacitance change in time At. By the use of 
various voltages and capacitors of different sizes it is 
possible to measure conductances ranging from 10° 
mho to 107° mho. 

Tinfoil electrodes were applied to the specimen disks 
using silicone stopcock grease as an adhesive. A cir- 


Table II—Surface Conductivities of High 
Polymer Materials* 








Material * Conductivity, mho 


seas eit :: ase 
at 40% at 60% | at80% | at 90% 
R.H. R.H. R.H. | RBR.H. 


Polystyrene (A) 1.8x10-"7 | 1.4x107%6 | 3 =— ; o— 
Polystyrene (B) | 3.2x10-* | 2.0x10~" | 3.6x107! | 5.5x107 
Methyl meth- 
acrylate (A) 1.4x10717 — | 3.3x10715 | 2.9x107}* 
Methyl meth- 
acrylate (B) 2.6x1078 | 3.3x107 18 | 7.5x10718 | 5.2x107* 


Polyvinylbutyral 
(B) 9.8x10-!7 | 1.9x10-16 | 8.1x10~6 | 1.9x10-"* 








A =Surfaces cleaned with carbon tetrachloride : ) 
B =Surfaces washed with soap and water and rinsed in 
distilled water. 





« Source: A. H. Scott, National Bureau of Standards. 


cular ring was cut out of one electrode to form a 
guard system in accordance with Tentative Methods of 
Test for Electrical Resistance of Insulating Materials, 
ASTM D 257-49T. Surfaces between the electrodes 
were cleaned by two methods: (1) by wiping the sur- 
faces with a cloth saturated with technical grade car- 
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Now! Delco Appliance’s Revolutionary 


NEW RIGIDFRAME MOTOR 


Available For Your Needs 


Here’s a new 
appliance motor — 
New in 
mechanical features — 
New in 


electrical performance 





In the new DELCO APPLIANCE RIGIDFRAME 
motor four welded struts lock the lamina- 
tions in place and provide a rigid frame 
upon which the motor is assembled. The 
recent development of new welding tech- 
niques by Delco Appliance engineers makes 
possible this revolutionary type of motor 
construction which has superior mechanical 
features and electrical performance. 


RIGIDFRAME CONSTRUCTION insures 
against misalignment frequently caused 
by rough handling in manufacture and 
shipping. The rigidity of the welded struts 
and motor end heads assures concentricity 
between stationary and moving parts — 
maintains positive bearing alignment, assur- 
ing freedom from binding or freezing. 
Magnetic noise is greatly reduced, too— 
with resultant quietness of operation. 

RIGIDFRAME CONSTRUCTION allows 
maximum utilization of magnetic material— 
thus reduces electrical losses and improves 
electrical performance. This effective use 


DELCO APPLIANCE DIVISION, General Motors Corp., Rochester, N. Y. 


of magnetic material results in a high 
pullout torque, which insures against 
burned out windings under heavier work 
loads. 


In addition to these outstanding features 
the new DELCO APPLIANCE RIGIDFRAME 
motor has a one-piece, die-cast rotor and 
fan for added performance—a heavy duty 
starting switch which gives smooth, trouble- 
free starting under maximum loads—and 
nylon insulated windings covered with a 
thermo-setting insulation varnish, for 
freedom from electrical breakdown. 


The new RIGIDFRAME motor is another 
example of the engineering and research 
that has made Delco Appliance a leader in 
the production of small motors. Whether 
you need a Split-Phase, a Series-Universal, 
or an automotive Heater and Defroster 
motor—you can depend on Delco Appli- 
ance design and quality. Our engineers will 
be glad to work with you in designing the 
motor to fit your exact needs. 


Also manufacturers of automatic Delco-Heat and Delco Water Systems for farms and homes. 
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New DeEtco APPLIANCE 
RIGIDFRAME SPLIT-PHASE 
Motors for washing ma- 
chines, ironers, blowers, 
control devices, office equip- 
ment, and other electrical 
appliances. 





Detco APPLIANCE AUTO- 
MOTIVE HEATER AND Ds- 
FROSTER Morors. Also for 
seeders, small blowers, cool- 
ing and ventilating fans, 
and other appliances. 





DELCO APPLIANCE SERIES- 
UNIVERSAL Motors for 
sewing machines, office 
machines, small blowers, 
motion picture projectors, 
farm machinery and other 
uses. 
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New Robertshaw 
3 inl Control 


FOR ELECTRIC RANGE OVENS 


AUTOMATICALLY 


¥ 


OP PLA 


Cuts in two oven elements for 
quick preheating 
AUTOMATICALLY 
ABP PAPO 


Cuts in lower element and 
maintains oven temperature 
on that circuit only 


Cuts out top element shortly 
before oven reaches preheat 
temperature minimizing over- 
shoot 


A new high degree of automatic control of oven temper- 
ature is made possible by the new complete line of 
Robertshaw Electric Thermostats. The model illustrated 
combines the thermostat with automatic switching mech- 
anism in a compact, easy-to-install case. Four mounting 

sitions are provided, together with close-up or extended 
Saad to fit any switch panel in range-top or mantel-back 
position. 

All operating parts have been reduced in size, and 
terminal screws are recessed to save space. Screws are 
inserted from rear, increasing accessibility and simplify- 
ing installation. 

Complete line consists of three basic models. Writs for 
complete information. 


in home ond industry, EVERYTHING'S UNDER CONTROL 


Robertshaw 6 


THERMOSTAT DIVISION 


ROBERTSHAW-FULTON CONTROLS COMPANY 
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bon tetrachloride and (2) by washing with soap and 
water, rinsing in distilled water and drying in air. 
Both the surface and volume conductivities decreased 
with time of electrification at low humidities. At high 
humidities the surfaces which were washed had surface 
conductivities which were several orders of magnitude 


Table 111—Volume Conductivity of High 
Polymer Materials* 


Material Conductivity, mho 


5.2x107!8 


Polystyrene 


Methyl methacrylate §.2x10-17 


Polyvinylbutyral | 3.4x107"7 





* Source: A. H. Scott, National Bureau of Standards. 


lower than those cleaned with carbon tetrachloride. 
The surface conductances of polystyrene and methyl 
methacrylate were erratic when washed specimens were 
subjected to high humidities, but the surface conduct- 
ance of polyvinylbutyral was consistent and tended to 
increase slightly with time of electrification. Average 
values of conductivity as functions of relative humidity 
are given in Tables II and III. 

Ionic polarization phenomena in Aroclor (chlori- 
nated diphenyl) paper capacitors were discussed in a 
paper by T. W. Dakin and H. C. Craig, insulation de- 
partment, Westinghouse Research Laboratories. Dr. 
Dakin, who presented the paper, emphasized that al- 
though the electrical properties of liquid-impregnated 
paper insulation had been studied intensively for many 
years in many laboratories, there was still a good deal 
about this subject that was not satisfactorily under- 
stood. Experimental results described were concerned 
only with the effect of the dissipation factor of the 
liquid upon the overall dissipation factor. 

Dry paper, for example, has a dissipation factor 
varying but slightly with applied voltage. Increases are 
of the order of only 0.0002 to 0.0004 on increasing the 
voltage stress from a few volts per mil to several hun- 
dred volts per mil. Liquid impregnating materials show 
a somewhat larger increase in dissipation factor with 
voltage when measured with not too closely spaced 
electrodes. In contrast, when the liquid is impreg- 
nated into the paper, the dissipation factor of the 
combination generally decreases with applied voltage 
stress. 

It has been previously postulated that this is due to the 
rapid accumulation of the ions which are in the liquid 
at interfaces during the first part of each cycle, after 
which they remain polarized and stationary during the 
remainder of the half cycle. At the reversal of the field, 
the ions move quickly to the opposite interface. The 
power factor decreases with the applied voltage stress 
because the ions are conducting during a decreasing 
fraction of each half cycle since their velocity is in- 
creasing and the time of transit to the opposite inter- 
face decreasing. The experiments reported by Drs. 
Dakin and Craig essentially supported this explana- 
tion and also explained certain related behavior of the 
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FAMOUS MANUFACTURERS ARE NOW USING 
CARTONS MADE OF 


GAIR TUFBORD 


a new, sturdy and rigid fold- 
ing paperboard developed to 
withstand tremendous knock- 
ing about and rough usage. 


TUFBORD is used by General Motors, General 
Electric and other famous manufacturers for these 
salient reasons: 


TUFBORD provides opportunities for reduction in 
thickness and weight without impairment in the 
carrying qualities of the package. 


TUFBORD sustains Mullen, tear, tensile strength 
and rigidity tests far beyond usual folding carton 
standards. 





TUFBORD is particularly suited for packaging 
heavy goods such as hardware, machine parts, 
books, stationery . .. and light materials for which 
stacking strength is required. 


TUFBORD is everything the name implies, yet it is 
light in weight... and effects worthwhile econ- 
omies. Write for samples and prices. 


ROBERT GAIR CO., INC. 


155 EAST 44th STREET, NEW YORK » TORONTO 
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Electrical Porcelain 


Above is a hydraulic press in the Colonial 
factory that is being used for making dry-press 
electrical porcelain. The parts shaped on these 
presses are noted for their uniformity and close 
tolerances. Colonial, one of America’s largest and 
oldest porcelain makers, invites your inquiries. 


The Colonial Insulator Co. 
907 Grant St., Akron 11, Ohio 
Chicago Office: 2753 W. North Ave. 
Telephone HU-6809 
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dissipation factor with temperature, frequency, and 
viscosity of the impregnating liquid. 

The effect of d-c voltage bias was one of the factors 
investigated. It was pointed out that if the greater 
dissipation factor of liquid-impregnated capacitor at 
low voltages is due to a limited number of ions in the 
liquid, then it should be possible to accumulate these 
ions on an interface with a d-c voltage bias so that 
they are not affected by the a-c field. 

Papers at the symposium on electrical properties of 
matter were pretty heavily on the fundamental side, as 
might have been expected. Because of the considerable 
interest in semiconductors, some report may be at- 
tempted here on a paper by W. A. Weyl, head of the 
department of mineral technology, Pennsylvania State 
College, on “Synthesis of Controlled Semiconductors,” 
and another paper by Dr. Weyl, jointly with T. For- 
land, on the “Chemical Composition and Rectifying 
Properties of Metal-Semiconductor Interfaces.” 

On the basis of this investigation it was found that 
the chemical composition of a semiconductor exerts a 
very strong influence upon the ability of the semicon- 
ductor to form a rectifier. The theory involved is too 
complex for the purposes of this report, but in essence 
an insulator can be made into a semiconductor by the 
removal or by the substitution of ions. For example, 
the insulator NiO (a green-colored nickel oxide of 
stoichiometric compusition) can be converted into a 
black material with semiconducting properties either 
by bringing into the crystal lattice structure excess 
oxygen ions (heating in an oxidizing atmosphere) or 
by substituting a monovalent ion for an occasional 
divalent nickel ion in a neutral atmosphere. 

The phenomena observed in this investigation sug- 
gest the following, according to Dr. Weyl: 

Rectification not only involves the motion of electrons but 
requires material transport over short distances. Material 
transport, however, is extremely difficult in lattices which 
do not have vacancies. It is well known that metal surfaces 
can be protected from oxidation by surface films consisting 
of crystals without anion or cation vacancies; for example, 
the phosphates or the oxides, of magnesium, aluminum, 
beryllium and silicon are not sufficiently polarizable to form 
stable defective structures. 

A very thin film of an insulating layer between the semi- 
conductor and the contacting metal acts as a capacitor 
building up space charge which may attract ions. Migra- 
tion of these ions produces a crystal of stoichiometric ratio 
and, thus, increases the thickness of the “blocking layer.” 
In order to do so successfully the semiconductor has to 
have vacant lattice positions. “Substitution” semiconduc- 
tors have all lattice sites occupied and, consequently, they 
do not allow material transport and cannot rectify. The 
difference between NiO as an oxidation semiconductor and 
a substitution semiconductor can be seen from the fact that 
only the former may react chemically with metallic nickel 
to form the insulating oxide of the stoichiometric ratio. No 
such insulating film can form at the interface between sub- 
stitution-type semiconductor and metallic nickel. 


In the same symposium A. J. Warner, technical 
director, chemical and physical laboratories, Federal 
Telecommunication Laboratories, presented a mathe- 
matical analysis covering the application of electrical 
measurement techniques to an understanding of low- 
temperature properties of plasticized polar polymers. 
His paper dealt with the use of the temperature of the 
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Metallic rectifiers usually offer the lowest cost method 


of converting ac to dc for many common applications. 
The list below shows a few of the cases where this has 
proven to be true. Look over this list; it may show you 


where you are missing 
savings. 


AC-DC radio power supply 
Acoustic shunts 

Aircraft testing and starting 
Aircraft power supply 
Alternator-rectifier chargers 
Amplidyne circuits 
Annunciators 

Arc suppressor 

Arc welding 

Automotive rectifiers 
Battery chargers 

Battery eliminators 
Beacon flashers 

Beam transmitters 

Burglar alarms 

Business machines 
Calculating machine: 
Carbon arc lamps 

Carrier control 

Cathode ray tubes 
Cathodic protection 
Ceilometers 

Chemical testing 

Circuit breaker 

Coin machines 

Diesel electric locomotives 
DC power packs 

DC solenoids 


DC magnets 
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an opportunity for similar 


Drain for static 

Dynamic speakers 
Electro cleaning 

Electro disassociation 
Electro drainage 

Electro painting 

Electro plating 

Electro precipitation 
Electric hammers 

Electric locomotives 
Electric music instruments 
Elevator brakes 

Elevator controls 

Exciter lamps 

Fence controls 

Field excitation 

Filament supply 

Fire alarms 

Fire control 

Guided missiles 

Gun control 

Hearing aids 

High voltage power supplies 
High voltage cable testing 
lron lung motors 
Magnetic amplifiers 


Magnetic brakes 


Magnetic separators 


—the answer 


to lower 


Milling machines 
Model trains 


Motion pictures 


Photo flash power supply 


Plate voltage power supply 


Polarized relays 


Power standby 


Power pack to operate magnetic 


chucks 


Power pack fo operate magnetic 


separators 


Power pack to operate variable 


speed motors 
Proximity fuzes 
Radar 
Radio testing 
Radio transmitters 
Radio receivers 


Railway signalling 


manufacturing costs 


Rectifier instruments 
Relays 

Telegraph 
Telephone 
Teletypewriters 
Television 
Temperature controls 
Textile machines 
Time clocks 

Tone generators 
Trackless trolley 
Traffic control 
Trickle chargers 
Truck chargers 
Voltage multipliers 
Voltage regulators 
Vibrators 

X-Ray power supply 


If you manufacture any of these or similar products or 
require small amounts of d-c power in any process, it 


will pay you to investigate. 


Compared to other methods of converting current, 
metallic rectifiers have lower initial costs, lower in- 
stallation costs and lower inspection costs. 

Some applications require copper-oxide, some low- 
voltage selenium, and others high-voltage selenium. 
Each type has its own characteristics, making it a natu- 
ral for a specific application. To fully meet your needs 
General Electric makes all three types. If you have a 
rectifier problem, bring it to us. As we make all types, 
we play no favorites. You can expect an impartial rec- 
ommendation. Contact your nearest G-E Apparatus 
Sales office or write Apparatus Dept., General Electric 


Company, Schenectady 5, New York. 
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Here’s how to anchor 
a cordset to an 
electrical appliance 


to Increase Product Life 


Slip a HEYCO Nylon Strain Re- 
lief Bushing on your wire. (Heycos 


Snap the HEYCO into chassis 
hole. (The Heyco imparts a pos- 
itive non-slip grip; it does not 
ore the wire.) 


eliminate cord weor at chassis 
entrance, too.) 


HERE'S WHAT A  HEYCOS ARE USED 
HEYCO WILL DO: ON MANY PRODUCTS 
1. Save time—reduce costs = You will find HEYCOS 


2. Absorb cord pull, push : being used onan increas- 
and torque ing number of nationally 


3. Insulate wire at chassis known appliances... 
S toasters, heaters, clocks, 
4. Prevent fraying 


roasters, mixers, record 
5. Eliminate tying knots 


players, radios, televi- 
6. Improve appearance of = sion sets, toys, lamps, 
product 


polishing machines, etc. 


HEYCOS ARE MADE IN 11 SIZES— 
for clock wire to S-10/3 cable 


Heyco Nylon 
Strain Relief 
Bushings 
are fully 
approved! 


| 


REPEAL 


lcs We xe 


MAKE SURE YOUR PRODUCT IS DOUBLY 
PROTECTED BY A HEYCO STRAIN RELIEF 


HEYMAN MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 


¢nasts1s—- 


SEND US FREE SAM PLES OF HEYCOS 
to fit wire size 

Company 

Street 

City 

Name & Title 


| interaction. 


| cussed in a paper by 


| the lead atoms are 
| they have very low mobility. 


| this subject. In 
| | Signal Laboratory, described a eeenon for measurement 


dissipation factor maximum for the plasticizer, the base 
resin and the plasticized composition itself and drew 
some conclusions concerning the use of these data 
both to predict the low temperature performance of the 
plasticized composition and the _plasticizer-polymer 
It was felt that this electrical approach 
to the study of the low-temperature properties of 
| plasticized polar materials is general in character and 
should be further explored. 

The d-c conductivity of barium titanate was dis- 
. J. Murphy, Bell Telephone 
Laboratories, Murray Hill, N. J. Among other con- 
clusions, it was shown that the activation energy for 
conduction in barium titanate ceramics containing lead 
or lithium is about 0.8 electron volts, and that this is 
either equal to or not very different from the activation 
energy for conduction in the single crystal. The pres- 
ence of impurities in a dielectric is usually expected to 
change its conductivity either by contributing mobile 
ions or by its atoms acting as “donors” or “acceptors” 
(this includes the case where the conductivity diminishes 
because of neutralization of donors by acceptors). The 
absence of a recognizable effect on conductivity of the 
presence of 8 per cent of lead in the ceramic suggests that 
unionized or, alternatively, that 
Barium titanate ceramics 
to which lead has been added show a high degree of 


Fig. 8—A special sample holder for the Boonton Q-Meter 
permits very accurate measurements with resonant cir- 
cuits in the determination of dissipation factor and 
dielectric constant of materials at very high frequencies. 
(Source: Squier Signal Laboratories) 


| persistence of the piezoelectric activity which can be 
| induced by applying a field while the material is at 


an elevated temperature. 

Measurement of dielectric properties involving new 
methods of instrumentation is a subject that cannot be 
divorced from a full coverage of dielectrics, Several 
interesting papers were presented in a symposium on 
one of these, Isidore Bady, Squiet 
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TV vesicners fam PRODUCTION MEN GGhee 


**One Good Turn oar itll ae 


FIT ALL POPULAR TV R ERS WITH EASE AND ACCURACY! 


It’s well known that Gracoil TV Transformers ful- 
fill the physical and electrical specifications of all 
popular receivers. Unsurpassed for original installa- 
tion, Gracoil TV Transformers improve receiver 
performance and reduce servicing to a minimum. 


: Filter Choke 


Vertical Deflection Output Vertical and Horizontal Blocking 
Transformer Oscillator. Above Chassis 
mounting 


Vertical and Horizontal Blocking Plate and Filament Transformer 
Oscillator. Below Chassis with and without Magnetic 
mounting Shielding 


FOR VOLTAGE CONTROL oe 
MAGNET COILS LAYER WOUND COILS PRODUCTION-BUILT ITEM 


Gracoil transformers range in oe 
from a few watts to several kilo- 


watts including: : 
e Open types @ Step-Up or 
e Half-Shell Step-Down 


@ Fully Enclosed ® Soman 
e Filament Te 


e Audio a x 
@ Filter Reactors 4 


@ Isolation 


TITTTTUTTTT HITT 


Automatically wound 

coils with interlayer 

insulation. Wound in 

multiples of from 8 to 

30 on 30 inch long 

kraft paper tubes or 

equivalent. Subse- / 
quent operations in- 

clude cutting coils apart, finishing 
leads, wrapping, impregnation, testing. 


‘ait ELECTRICAL COILS AND TRANSFORMERS 
Setgblichad ta: hE) ye ee ee oes eo ee ee 
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HOT ASSIGNMENT 
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NICHROME RESISTOR WIRE 


METAL SHEATH 


DENSELY PACKED REFRACTORY 


Edwin L. Wiegand Company uses this terminal pin 
on their versatile Chromalox seamless blade-type 
immersion heaters, which operate as high as 
750°F. It is one of many special fasteners made 
by Progressive. 


The design provides for electrical clearance 
between the pin and the metal heating blade 
casing — for secure fastening of the pin in the 
refractory — and for attaching electrical wiring 
connections. 


Progressive is equipped to handle special 
fastener production with speed, precision and 
economy. Do what many leading manufacturers 
do — IF IT’S SPECIAL, see PROGRESSIVE. 


WRITE FOR OUR CATALOG 
IT MAY SAVE YOU MONEY 


MANUFACTURING COMPANY 


44 NORWOOD ST., TORRINGTON, CONN. 


SALES OFFICES: SAN FRANCISCO, LOS ANGELES, 
PORTLAND, DETROIT, PHILADELPHIA, CLEVELAND, 
SEATTLE, BOSTON, SYRACUSE, ST. LOUIS, CHICAGO. 





rials at very high frequencies by use of resonant cir- 
cuits. Resonant circuits, it was pointed out, have the 
advantage over bridge circuits in the measurement of 
dielectric property of materials in that measurements 
can-be made more conveniently and more quickly. When 
the circuit elements in the resonant circuit are care- 
fully calibrated, its accuracy is comparable to that of 
a good bridge. The Boonton Model 160-A QO Meter 
was cited as an example of an instrument incorporating 
a resonant circuit that is widely used to measure mate- 
rials. At frequencies up to about 20 me, errors due to 
frequency effects are small and can generally be dis- 
regarded. However, above this frequency, the stray 
resistances and inductances in the Q Meter may cause 
serious errors. 

Due to large correction factors required at the 
higher frequencies and the difficulty in measuring the 
strays accurately, a new method was developed to 
permit accurate measurements with the Boonton Q 
Meter. The sample holder used is shown in Fig. 8. 
It is connected to the Q Meter capacitor terminals. The 
test material is placed between the circular plates, the 
meter brought to resonance by means of the meter 
capacitor, and the © reading noted. The sample is re- 
moved, the meter brought back to resonance by 
means of the sample holder, and the Q reading is again 
noted. This method was extended to higher frequen- 
cies (up to 350 mc) by constructing a suitable re- 
entrant cavity system with provisions to place the 
test sample and connect high-frequency resistors. 

In another paper Mr. Bady discussed methods for 
measurement of the temperature coefficient of capaci- 
tance. Such measurements involve the determination 
of very small changes of relatively large capacitors. A 
prime requisite for the measuring equipment is high 
sensitivity. The method described by Mr. Bady calls 
for a “double-heterodyne” circuit with a very high 
sensitivity that can detect changes of 0.001 mmf in a 
100-mmf capacitor. With the equipment described, it 
was possible to measure capacitance changes of capaci- 
tors of 50 mmf or less with an accuracy of 0.015 mmf 
over the range of —55 C to +85 C. Capacitors of 6000 
mmf and higher can be measured with an accuracy of 


0.04 mmf. 
Dielectric Measurements at Microwaves 


A sensitive instrument designed to measure and 
record accurately small changes in the resonance fre- 
quency of a cavity resonator was described by G. Birn- 
baum, National Bureau of Standards, in his paper “A 
Recording Microwave Refractometer.” The need for 
such measurement arises in the determination of the 
dielectric constant of gases and changes in the dielectric 
constant of solids and liquids at centimeter wave- 
lengths. The design incorporates a klystron oscillator, 
operating at 9000 mc and frequency-modulated by a 
sawtooth voltage applied to the reflector. In the pres- 
ent form, the recording microwave refractometer was 
described as being suitable for measuring the dielectric 
constant of lossless gases as a function of time. It 
should be also suitable for measuring changes in the 
dielectric constant of very low-loss solids and liquids. 
The restriction to very low-loss materials is necessary 
because the present equipment is sensitive to changes in 
the Q of the cavity. It was felt that an extension of 


ELECTRICAL MANUFACTURING 





Electric Motors 
protect your 
reputation 


When so much of your reputation depends on the 
reliability of an electric motor, you can’t afford to 
take a chance! That’s why so many design engineers 
specify K-C Motors to power their products. 

K-C Motors are famous for long, dependable, care- 
free service. They run smoothly and quietly even 
under conditions of hard, continuous use. And, for 
convenience and appearance, they’re compact and 
streamlined, handsomely styled with durable finishes. 


On this page you see three types of K-C Motors. 
There are many others. . . so many that there’s sure 
to be a K-C Motor to fit your requirements... a 
K-C Motor to which you can safely entrust your 
reputation. Write us for details. 


K-C JET PUMP MOTORS 
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Speed 
Long-life ball 
Dripproof « 
Both capacit 
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pump 


THE HOOVER COMPANY 
Kingston-Conley Division 
72 Brook Avenue, North Plainfield, New Jersey 
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HERE’S REAL 


IN 
A NEW 





@ Here’s a brand new Soreng Switch for electric hot 
lates and grills—and it’s a honey! Designed 

‘or dependability, built for long life, priced for 

today’s thrifty thinking. 

Soreng’s Hot Plate Switch is a four-position, three- 
heat, rotary type switch, entirely enclosed in a strong 
ceramic case. Listed by Underwriters’ Laboratories 
and rated 15 amps at 250 volts A.C., the large-area 
contacts assure clean make and break with a ’ 
minimum of arcing. Action is smooth and indexing, 
is positive. Your choice of standard screw : 
terminals or Soreng Push-In Clips which require 
only a stripped wire and a push to give you 
tight, low-loss connections. 

So why settle for anything less than utmost 
dependability? Check the Soreng Hot Plate Switch 
first! For full details and engineering data, 
write Dept. MO1. 


Patel Matelil 9555 Eden Ave., Schiller Park, Ill 
Suburb of Chicago 


Branch Plant — 231 Stone St., Fremont, Ohio 










DEPENDABILITY! 


HOT PLATE SWITCH 





Quantity 


PRODUCTION 


oi 
GREY IRON CASTING 


ONE OF THE NATION'S 
LARGEST AND MOST MODERN 
PRODUCTION FOUNDRIES 










ESTABLISHED 1866 


THE WHELAND COMPANY 


FOUNDRY DIVISION 








AIN OFFICE AND MANUFACTURING PLANTS 
CHATTANOOGA 2, TENNESSEE 














present techniques should make it possible to avoid 
this difficulty completely and, in addition, permit the 
simultaneous recording of dielectric loss. 

Dr. Max Kronstein, adjunct associate professor, 
chemical engineering, New York University, discussed 
new phases in the applications of the electrographic 
printing method in the testing of varnished insulation, 
The subject was presented at the 1948 Annual Meeting 
of the Conference and was previously reported in this 
publication.? 

High-voltage cable insulation was an important ele- 
ment in several papers, but in general covered special- 
ized fields outside the scope of this review. Mention 
might be made, however, of a report by L. F. Roeh- 
mann, Anaconda Wire & Cable Company, on the devel- 
opment of flame-retardant, nontracking thermoplastic 
resins for high-voltage cable application. On the basis 
of a development project, polyethylene-derived resin 
(designated Type FR _ flame-retardant) was finally 
selected as commercially suitable for the specific appli- 
cation in cable for luminous signs, where the serv- 
ice requirements call for an insulation of high di- 
electric strength, flame resistance, and high resistance 
to tracking. ooog 


7 See ‘‘Research Progress in Dielectric Materials,’"” December 1948 Exec- 
TRICAL MANUFACTURING, pp. 176 and 178. 
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Editorial Index for 1949 


Feature articles, editorials and articles in Design 
Trends and Transients appearing in ELECTRICAL 
MANUFACTURING throughout 1949, including 
volumes 43 and 44, are listed in an index now avail- 
able upon request to the Editor. 

Articles are listed both under title and subject head- 
ings in a general alphabetical index; contributed arti- 
cles are separately listed in an author index, alpha- 
betically by author and including article title. 


How Small Can 
a Motor Get? 
(Continued from page 93) 






cost, there are certain special design features that can 
be followed to produce an electrical machine of a mini- 
mum size. 

The foregoing comments may be summarized to 
furnish a suggested procedure for machine designers 
confronted with the problem of getting electrical horse- 
power in small packages: 

(1) Something like a 25 per cent improvement 
might be obtainable with existing designs by a sub- 
stitution of better magnetic materials and tighter wind- 
ings. No additional tooling would be required. 

(2) In exceptional cases where high development 
costs are permitted a special design might be justi- 
fied. ood 
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I; pays to use your 
custom molder’s know-how 


— and give your sales a shot in the arm 


no. PE} in a series on Plastics Skill at Work... 














is self-insulating, an added time-saver. 


Front and center display in retail stores 
today is worth a lot of money, and the 
Handicraft Division of Burgess Battery 
Company i is among the manufacturers 
who are using Durez plastics to get 
more of it. 

Taking a completely fresh approach 
to the matter of exterior shape, this 
company evolved a compact electric 
sprayer design that suggests ( (and has ) 
the efficiency of pistol-trigger operation. 


A hit with plastics users everywhere is 
the handy "'Durez Check-Chart.’’ Write 
for yours. Durez Plastics & Chemicals, Inc., 
131 Walk Rd., N. Tonawanda, N. Y. 
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CUT-AWAY reveals complicated shapes with bosses and re- 
cesses obtained by the molder in single forming operation. 
Assembly jigs formerly required are no longer needed. Durez 


People just naturally reach for it, buy 
it, and take it home to save time in 
painting, insect control, disinfecting, 
and other household, shop and farm 
spraying jobs. 

The molding process, and the engi- 
neering skill of an experienced custom 
molder, made it possible to produce 
this new shape at mass-market cost. 

Whenever you want to reawaken 
interest in your products, consider first 


PRODUCT: Electric Sprayer for Household Use 
CUSTOMER: Handicraft Division of Burgess Battery Co. 
MOLDER: Eclipse Manufacturing Co. 

MATERIAL: Durez phenolic housing, handle, and fittings. 


BEFORE AND AFTER comparison shows enormously increased 
sales appeal obtained in redesign of Burgess Battery Company's 
“Vibro-Sprayer.” Durez plastic enabled designers to suggest 
simplicity and ease of use in exterior lines of the unit. 







the inherent advantages of molded 


Durez. Durez allows your designers 
the freedom of imagination they need, 
permits the faster production you will 
want. It has excellent mechanical, elec- 
trical, and chemical properties, and 
comes from the mold with a perma- 
nent lustrous finish. 

Durez field technicians are always 
on call for productive consultation with 
you and your molder. 


MOLDING COMPOUNDS 


INDUSTRIAL RESINS 


PROTECTIVE COATING RESINS 





PHENOLIC PLASTICS THAT FIT THE JOB 
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Variable Speed Drives 


Using V-Belts 
7 (Continued from page 90) 
sheave employs plastic flanges actuated by springs and 
OUR Onde a cam device incorporated in the spring covers so axial 
% pressure against the belts is increased or decreased ac- 


cording to the driving torque applied. This construction 
H (1) Engi . d eliminates the tendency for the flange to bell mouth its 
e rere are ngineering an own bore due to eccentric action of the belt load since 


research facilities to work on most of the load is carried by the cam. This sheave is 
your particular wire problems; only made in small sizes for use with standard belts. A 


. double automatic adjustable-sheave drive shown in Fig, 
(2) Production geared to any 10 (designed primarily for use with gasoline engines for 












quality and quantity desired; driving scooters and bicycles) automatically adjusts the 
(3) Unsurpassed craftsman- ratio according to load and driven speed. Other types 

—— . ’ of sheaves not mentioned here employ one or more of the 
ship; and (4) Wire that's ) tied ; 


_ above features, adding to the versatility of the V-belt for 
variable speed service. Because of this range of features, 
most variable speed transmissions and drives employ a 

V-belt in one form or another. 


Jack-Shaft Sheave 












made right. « Let us quote! 

















Jack-shaft types of variable speed sheaves, Fig. 11, 

= SS ee Te | are made in a wide variety of sizes and styles employing 
: | for the most part standard belts and interrupted-face 

| flanges. They are » for wide belts and smooth 

| flanges. An advan ‘ type of sheave over the 

| spring-loaded type i d centers can be used 

along with standard sh for both motor and driven 





Partial List of 
Products... 


Bare Wire (Hudson 
Wire Division): 


Copper. Brass. Bronze. 


Zinc. Silver-plated. 
Tin. ean Fig. 12—Typical wide-belt variable speed transmission 


Nickel. Silver. Cadmium. (U. S. Electrical Motors, Inc.) incorporates motor, speed 


Specialty Wires. adjustment and gear reducer in a single unit. 
Insulated Wire 


(Winsted Division): 
Enameled. Litz. 

















* 






sheave. Their inherent disadvantage is that two belts 









Cement-coated. : . 

3 Saameled. Cotten. instead of one and three sheave elements instead of two 
J Silk. Celanese. are required. Mounting is somewhat more difficult in 
}} see ee some applications because the three sheaves should be 

Loop Wire. Etc. substantially in line and this requires a fair amount of 











ein ican ot space. Sheaves of this construction are manufactured of 
y ae dest Companies meta . . . . 
: aimee ae cast iron, aluminum and impregnated plastic 


HIINSON WIPE COMPANY Variable-speed transmissions employing V-belts are 
usually made up of driver and driven sheaves embodying 


GENERAL OFFICES: OSSINING, K.Y. © WINSTED DIVISION: WINSTED, CONN details of the mechanically adjustable or the spring- 
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you can BE SURE... te is 


This Westinghouse Instrument 


helps set Naw odction Kecoras 


Savings in machine time up to 75% are common 
among the users of the American Tool Works 
Company’s new hydraulic duplicating lathes! 

A standard feature of these lathes is the 
Westinghouse horsepower instrument. It shows, 
at a glance, the horsepower being consumed by 
the cut. This enables the operator to take full 
advantage of the capabilities of the machine and 
to make maximum cuts without overloading. 
Machines can be easily operated at peak loads, 
without the dangers of overtaxed motors and 
damaged cutting tools. 
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This is another example of the application of 
Westinghouse instruments to specific problems. 
Westinghouse instruments are engineered and 
built to give you reliable performance in every 
application. The completeness of the line means 
electrical measuring instruments to fill your 
needs exactly in every field of industry. 

Westinghouse instrument specialists are avail- 
able in the field for consultation. Call your near- 
est Westinghouse office or write Westinghouse 
Electric Corporation, P. O. Box 868, Pittsburgh 
30, Pennsylvania. J-40373 


ELECTRICAL 
MEASURING INSTRUMENTS 


FOR AW joB 








187 





loaded type or both. They are made in single or multiple 
| belt designs and are often made integral with motor and 
| gear reducer for compactness and neatness. A typical 
| wide-belt variable-speed transmission, shown in Fig. 12, 


is integral with motor and gear reducer. Other types 


made for a wide range of power and speed variation, 

ARE PERFORMANCE PROVED! | shown in Fig. 13 and 14, are highly flexible units for use 
with any type of prime mover and driven load. 

A novel transmission has recently come on the mar- 


INDUSTRIAL RELAYS 


Fig. 13—Heavy duty variable-speed drive made by Allis- 
Chalmers uses wide belts; an idler maintains constant belt 
tension as the ratio setting is changed. 


Fig. 14—Double reduction Worthington drive has con- 


stant-torque characteristics in lower half of speed range 
You get better service from LEACH RELAYS because thousands of and constant-power in upper half. 
types of relays for thousands of applications have been proved-in- 
use for over 30 years. 


LEACH RELAYS are designed with an exceptionally high factor ket employing V-belts in an epicyclic train to permit an 


of safety for extra dependability. Simplicity of designs makes infinite variation from zero speed to top input speed, and 
installation quick, easy and inexpensive. Get a// the facts and 


make your own comparisons. LEACH RELAYS’ outstanding per- can also be made to go into reverse if required. This 
formance, reliability, sturdiness and economy have been proved- type of transmission has a fairly high speed drop with 


snes. | increase in load, particularly in the lower speed range, 
Highest standards of engineering, materials and workmanship | and the speed setting is quite sensitive because a large 
assure long, safe, efficient, trouble-free service. : ; ; : 
speed range is achieved by relatively small changes in 
FOR BETTER CONTROLS THROUGH BETTER RELAYS—CONTACT LEACH pitch diameter. However, for certain types of applica- 
tions in which a wide speed variation is required at 
relatively light loads the device is very satisfactory. 
Another unusual transmission, illustrated in Fig. 14, 
employs four adjustable pitch sheaves in series to deliver 
a very wide speed range. Reduction ratio of this device 
SSIS AVALON BOULEVARD, LOS ANGELES 3, CALIF. ranges from 6-to-1 up to 16-to-1, and the capacity from 
Representatives in Pincipal Cities of U. S. and Canada "% to 72 hp. However, the unit is rated not so much 
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When it comes to plastics, ‘‘Cubee’’ knows all the answers—and that know-how starts 


at our drawing board. This business is like an infant in many ways—the first step is the 


toughest. That first step is the drawing board. There we design the 


molds which are made in our plant. We control 








Q-B Says: 


‘‘When your problem is plastics 





the job from start to finish. If your problem 





calls for molded plastic parts—call ‘‘Cubee.’’ We 





Don’t Lose your shirt 
Remember that old adage, 





admit we can’t answer al] your problems. But, if 








your problem concerns plastics—well, that’s ‘Consult an Expert’!””’ 


something we do know! 


QUINN-BERRY CORP. 
2631 West 12th Street 
ERIE, PENNSYLVANIA 







Branch Offices 
MR. HARRY R. BRETHEN MR. W. A. HURTIENNE PARAGON SALES COMPANY 







1f34) Woodward Avenue 4753 Broadway 111 S. 22nd Street 
Detrait, Michigan Chicago 40, Illinois Philadelphia 3, Pennsylvania 
Townsend 8-2577 Longbeach 0028 Rittenhouse 6-5699 


JANUARY 1950 





CANNON 
PLUGS 


...8tandard components 
on fine electrical and elec- 
tronic equipment. After 
33 years of building elec- 
trical specialties,Cannon 
Electric continues to pio- 


RACK AND PANEL 
TYPE CONNECTORS 


...in the “DP” Type Series are used 
extensively in radio and allied equip- 
ment where both plug and receptacle 
are rigidly mounted and are engaged 
by moving rack or panel in and out. 

The “DP” Series features two main 
types, “DPD” and “DPB”, having a 
variety of insert arrangements with 
standard, coaxial and twinax contacts, 
accommodating as many as 45 wires 
in the single and 90 in two-gang. 

Write for the latest edition of the 
“DP” Bulletin, address Dept, A-118 or 
contact one of the Cannon Electric 
Representatives located in principal 
cities of the U.S.A. 


neernewand bettertypes 
of connectors, maintain- 
ing its reputation for 
progress and develop- 
ment. In the 13 major 
type series of connectors 
will be found most of the 
requirements for quick 
disconnection of electri- 
cal circuits. For a survey 
of the general line, write 
for Condensed Catalog. 


CANO 


DIVISION OF CANNON MANUFACTURING CORPORATION 
Export: Frazar & Hansen, San Francisco; Canada: Cannon Electric, Ltd., Toronto 


i cspimnennnisiternsriahencenpeahperiebes alist eee a 


SINCE 1915 
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ELECTRIC 


ECOA NAME PLATES 


por light Your Produc? 


Etched or lithographed, Ecoa name plates are permanent 
marks of distinction, reflecting the pride you have in your 
product. You can save money on name plates by choosing 
from nearly 5000 shapes and sizes for which we have dies 
in stock. Ask us to quote on your name plate requirements. 
If your engineering department can use our book of die 
shapes and sizes, write for it on your letterhead. 


ETCHING COMPANY OF AMERICA 
1520 Montana St., Chicago 14, Dept. E-1 
SUBSIDIARY OF DODGE MFG. CORPORATION, MISHAWAKA, INDIANA 
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on power as on torque because at minimum speed power 
capacity is low while torque capacity is practically the 
same as at top speed. Any device which incorporates a 
large speed-variation ratio inherently runs up against 
the problem of power vs torque capacity because electric 
motors are constant horsepower; when a large ratio 
drive is attached to a motor the theoretical torque ca- 
pacity at the output speed is large compared with the 
torque capacity of the motor. There are very few trans- 
missions however that deliver this theoretical capacity, 
and furthermore there are very few applications where 


constant power is actually required over a wide range of 
speeds. OOO 


Design Trends 
and Transients 
(Continued from page 106) 


ment Division, Dunlop Rubber Co., Ltd., (England) 
advocates that (a) wherever possible conductive rub- 
ber should be specified in such resistances that these 
risks are not encountered, or (b) if such risks cannot 
be avoided, the compounds be clearly and _ indelibly 
labelled “Electrically Conductive Rubber.” This label- 
ling is recommended for resistance values below 100,- 
000 ohms. 

Mr. Jenkins reports that Dunlop is now marketing 
two series of conductive rubber compounds, the first 
of these being based on natural rubber, the second on 
oil-resisting synthetic. The natural rubber series (R 
series) ranges in specific resistance from 6.5 to 3 x 10° 
ohm-cm. Various resistances can be obtained at differ- 
ent hardnesses. The oil-resisting compounds offered 
(Q series) range in resistance from 6 ohms to 3 x 10° 
ohm-cm. With this series also various resistances can be 
obtained at each hardness. ooo 


Ceramie Dielectries 


Relation of systematic variation of properties and 
composition of ceramic dielectrics is being investigated 
in the Porcelain and Pottery Section at the National 
Bureau of Standards. Rapid developments in the field 
of electronics have introduced operating conditions too 
severe for electrical insulating materials commonly used 
as dielectrics. Paper, for example, is a satisfactory 
dielectric for some types of capacitors, but at elevated 
temperatures it chars and fails. In contrast, ceramic 
dielectrics not only withstand temperatures of 500 C and 
over but, more important, ceramic dielectrics having 
superior properties make possible a reduction in size. 

One step in development of miniature capacitors is 
fabrication of ceramics into thin plates comparable in 
thickness to paper and mica. A technique for dry-press- 
ing and firing has been evolved for the production of 
small plates 0.003 to 0.006 in. thick. Principal change 


New Reprints Available 
SELECTED FEATURE articles from previous issues of 
ELECTRICAL MANUFACTURING are available in reprint 
form; single copies will be supplied free of charge to 
readers of record upon request to Reader Service Depart- 
ment. See page 196. 
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Mallory Recommendations 
Put The Squeeze On 


: ' 
sisieesiaaie Contact Production Costs ! 


SILVER AND TUNGSTEN 
CONTACTS 


Everyone is striving for ways and means to beat the break- 
even point ... and Mallory’s contribution, in contact costs 


Tungsten is used in contacts for alone, is helping to ease many tight situations. 


‘ 
1 
i 
| 
i 
I 
i 
1 
I 
i 
i 
i 
electrical equipment where resist- I eo ; : : 
ance to electrical arcing and wear j Typical is the case of an automotive electrical equipment 
are important. Silver and silver al- | manufacturer who was emphasizing cost reduction. Mallory 
loys are used where low resistance 1 dug into the customer’s contact production program and 
is important. Mallory has developed I came up with specific recommendations. Design, material 
contact metals from many alloys to and final assembly improvements were made possible by 
meet every contact requirement. y new Mallory alloys and production techniques. Every last 
Among the many Mallory con- ake 5 SB 
| penny was squeezed out of contact costs with a resultant 
i 
I 
i 
i 
i 
i 
i 
} 


tact alloys are the Elkonites* and $75,000 vearly savi h : 
Elkonium* alloys. Mallory will gladly 96d, yearly saving to the customer. 


work with you to find the right con- 
tacts to meet your specifications. 
Write today. 


That’s service beyond the sale! 


Mallory contact know-how is at your disposal. What Mallory 
has done for others can be done for you! 


In Canada, made and sold by Johnson Matthey & Mallory, Ltd., 110 Industry St., Toronto 15,Ontario 


Electrical Contacts and Contact Assemblies 


SERVING INDUSTRY WITH 


P.R.MALLORY & CO. Inc. Capacitors Contacts 
: Controls Resistors 
M A L L O RY Rectifiers Vibrators 
Special Power 
Switches Supplies 





Fea te Resistance Welding Materials 


Apes ee is So Ne: ye Mian: abi ie 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA WE. TE ee 
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Transmitting Micas 
for every purpose 


Correctly Designed + Precision Built - Carefully Tested 


Quality counts in capacitors used in transmit- 
ting applications. Sangamo Mica Capacitors 
are built to rigid specifications, of the best 
materials obtainable and with the most precise 
production methods. They are correctly engi- 
neered to assure high current-carrying ability, 
to hold losses to a minimum, and to provide 
maximum safety. 


Type G Capacitors are designed for use in 
medium and high power, high voltage and high 
current circuits. They are ceramic encased and 
are frequently connected in gangs to handle 
heavy loads. 


Type F Capacitors are used in similar applica- 
tions to type G’s and are potted in bakelite 
cases. 


Type A and Type H Mica Capacitors are 
molded in a thermo-setting plastic and are 
designed for use in low voltage, low power and 
low current circuits. 


These, and many other types of Sangamo Mica 
Capacitors, are fully described in Catalog No. 
831. Write for your copy. 


ELECTRIC COMPANY 


in Canada: Sangamo Company Limited, Leaside, Ontario = 8Cs0-1A 





in the conventional dry-pressing procedure involves 
special treatment of mixtures of calcines and bonding 
agent. Resulting powder may be distributed in small 
quantities in the cavity of the hardened steel mold to 
form a layer of uniform thickness. A pressure of 20,000 
psi on this layer of powder converts it into a plate a 
few thousandths of an inch thick. Despite thinness, 
plates are sufficiently strong to be ejected from mold 
without cracking and also to be transferred without 
breakage to a sheet of glass for drying. 

In order to preserve flatness during firing, some 
changes are necessary in the usual arrangement of 
plates on refractory supports. Excessive warpage in- 
variably occurs if plates are distributed in a single layer 
on the plane surface of refractory. Flat plates are ob- 
tained, however, when they are stacked and weighted 
with a refractory disc. To prevent adherence at high 
temperatures, stacked plates are separated by thin lay- 
ers of air-floated zirconium dioxide. Firing for 1 hr at 
1445 C results in matured plates with less than 0.1 per 
cent of water absorption. 

It is desirable that capacitance should not be affected 
by variations in temperature over a wide range, such as 
—60 to 200 C. Experimental capacitors assembled so 
far contain plates, 0.75 by 0.75 by 0.005 in., composed 
of a series of barium-strontium titanates with peak 
values of 12,000 to 18,000 dielectric constant at 5 C in- 
tervals from —60 to 120 C. Such assemblies have a 
capacitance of 5 to 15 mfd per cubic inch with a varia- 
tion in capacitance of 11 per cent for changes in tem- 
perature from —60 to 100 C. For comparison, dielectric 
constant of paper and mica is under 10 and volume they 
require in capacitors for equivalent duty is correspond- 
ingly larger. At 200 C, however, capacitance for ceramic 
capacitors decreases to one-third maximum value and 
the d-c leakage current becomes excessive. 

In some instances, designers of electronic equipment 
have called for fabrication of a capacitor of given 
capacitance, temperature coefficient of capacitance, 
shape and size. This in turn required specific properties 
on the part of the ceramic dielectric. Several types of 
single plate and tubular capacitors have met these speci- 
fications. Selection of some of these dielectrics was 
based upon data recently obtained from the Bureau’s 
investigation of the properties of calcium-barium titan- 
ate dielectrics. 

Ceramic dielectrics are applicable to electronic signal 
devices not only for the armed services but also for 
commercial production of radio, radar and television 
sets, and hearing aids. Other investigations cover uses 
of ceramic dielectrics in research problems involving 
very high voltage, X-rays, and instantaneous photo- 
graphy. ooo 


Motorized Carpet Sweeper 


Development of the vacuum cleaner did not com- 
pletely usurp the market for the earlier carpet sweeper, 
a hand-pushed cleaner with a rotary brush, friction driv- 
en by wheels against direction of the carpet. But even 
this cleaning tool is now motorized. 

As shown here, the Electro-Sweep made by Davis 
Manufacturing Co., Plano, IIl., has the general appear- 
ance of an upright vacuum cleaner without a dust bag. 
It rides on stationary gliders at front and rear, and a 
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NAMCO 


“STELLITE’-WELDED 


SOLENOIDS 


Namco Solenoids are precision built and custom- 
engineered to the individual job—to provide a 
push (or a pull) of up to 25 pounds. They are built 
in a variety of sizes and mountings to meet every 
commercial application. 

When you want positive, automatic, accurate 
operation—even under conditions of extreme 
heavy-duty service—let Namco Solenoids do the 
job. They'll activate clutches, motor drives, elec- 
tric switches, hydraulic valves and other power 
controls, even replacing fractional horsepower 


motors, in many cases. 


Complete standard range of 
Namco ‘‘Stellite’’-Welded 
Solenoids is illustrated and 
tabulated in Engineering Bulletin 
EM-46A. Ask for your copy. 
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UICK-ACTING! ACCURATE! 





SLIDE-FASTENER 
MANUFACTURER 


says NAMCO 


IS ONLY SOLENOIO 


DEPENDABLE FOR 
HEAVY-DUTY, PRECISION 
SERVICE ON CHAIN 
MACHINE 





Close ones don’t count—slide fasteners don’t 
work unless they’re omthe nose. That’s why 
dead-accurate operation of the chain machine 
that makes them is so vital. This machine, 
running continuously at 2500 strokes per min- 
ute, is the key unit controlling production in 
the entire plant. 

Here’s what Plant Engineer R. A. Proud, 
of the Wilson Fastener Division of Talon, 
Inc., has to say: ““We have come to rely on 
Namco Solenoids. Experience has taught us 
they are the only ones that will stand up 
under the punishing action of constant vibra- 
tion, energizing instantaneously at the exact 
interval required to feed in the wire stock.” 

While such whole-hearted endorsement is 
gratifying, it is by no means unique. In in- 
dustry after industry, manufacturers every- 
where are coming to rely on Namco Solenoids 
for heavy-duty, precision service. Is there a 


tough job in your plant we can help you lick? 

















is driven by a 1750-rpm 42-watt shaded-pole induction 


motor. Brush sweeps dirt into dust pans at front and 
rear. 


With no wheels, sweeper rides on the brush and is 


pivoted brush, oscillated across the surface being swept, 





$9, 
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Miniature Incandescent Lamps Cer 
4 for all purposes 
We invite your attention to our type 327 


lamp illustrated at the extreme left. Designed par- | 




























ticularly for aircraft instrument illumination it is - 
manufactured to rigid and exacting specifications. field 
The manufacture of miniature incandescent oe 
lamps which must meet particular requirements of - 
performance, life or operating conditions has been > 
our specialty for the past 37 years. z 
If you have a lamp problem, write or tele- : oe ; ? 
phone us. We will be glad to help you. easily steered in any direction. A foot lever at the rear cern 

of the sweeper adjusts height of brush; switch on J of 
handle controls motor. Case is molded in one piece | Te) 
HERZ0G MINIATURE LAMP WORKS INC using Monsanto's long-flow Resinox. Brush has double I 
° row of nylon bristles. OO OF}... 
12-23 JACKSON AVENUE Eng 
LONG ISLAND CITY 1, N. Y. mal 
High-Fidelity Speakers . 
Rogan Offers a Wide Variety of Stock Molded Following slightly different avenues of approach to ee 
the problem of increasing the fidelity of a sound repro- 8 

ducing system, two companies have developed speakers 

to meet this problem. One developed by Pickering & Co 
Company, Inc., Oceanside, N. Y., shown at left operates big 
on the air column principle. Bass response is adjusted hai 
by means of a sliding panel in the rear of unit; when Tk 
port is open bass response is increased and when closed Af 


. 













SEND FOR FREE CATALOG 
Save time and tool costs by using Rogan’s stock molded knobs. 
Supplied without tool charge; immediate delivery. Wide range 
of sizes, shapes, colors; branded to your specifications. Write overall frequency response is flat from 45 to 12,000 cps. 
for free catalog now! a , : 
Overall response is +5 db. Sound covers 90 deg in- 
ROGAN BROTHERS aeeHICAGO Ie ILLINGHS cluded angle in a horizontal plane and 60 deg included 
angle in vertical plane when placed in a corner. Speaker 


Compression Molders and Branders of Plastics s : : 
does not require any special amplifier and may be used 
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Floating Rotor 
Prevents 
Motor Lag 

or Slippage 


Specially designed light-weight rotor 
virtually floats in a rotating magnetic 
field. Rotor shaft rotates on a film of oil 
...no metal to metal contact with its 
bearing. These features, together with 
capillary oiling system, account for the 
fact that All Telechron Timing Motors Are 
Instantly, Constantly Synchronous. 

That is why so many designers con- 
cerned with split-second timing or control 
of light-weight moving parts specify 
Telechron motors. 

If you have such a problem, why not 
turn it over to a Telechron Application 
Engineer? Drawing on the experience that 
makes all electric timing possible (virtually 
all frequency-controlling master clocks 
in power stations are made by Telechron), 
he can probably show you how a standard 
Telechron motor can do your job, too. 
Consult him early in your planning for 
big savings in time and money. Use 
handy coupon below for complete data. 
TELECHRON INC. A General Electric 
Affiliate. 


ef 


TELECHRON INC. 
30 Union Street 
Ashland, Massachusetts 


Please send me information on sizes and types of Telechron 
Synchronous Motors. My possible application is: 












r and Pinion Assembly 


Rotor Shaft 


Assembly _ Patented Capillary 


Oiling System 


Terminal 
Shaft 


Sealed Gear 


Shading Coils Case Assembly 


Telechron Type B Synchronous Motor. For medium duty purposes such as switches, recording-controlling 
mechanisms and other control equipment. Other models with lower or higher torque for light or heavy 
duty applications. 





Typical of Telechron Type H3 light duty motor Practically all time-stamps and recorders 
applications is this 60-minute timer, the purpose employ Telechron Type B motors to operate 
of which is to operate a switch or signal at the their timing mechanisms. Obviously a motor that 
end of a pre-selected period. is instantly, constantly synchronous is needed for 


such applications. 
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Instruments 1 Communications Equipment () CI eo issaterisiensntniscieedicabcamiecealglaieiaiadad 

Timers C Other (please fill in) 
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Cost Recorders UC] 
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Same 
Mounting 
as AC 
ea 


SOLENOID CONTACTORS 


save installation time 





Unit construction — 
Fit standard AC mounting 


Now, with this modern, compact solenoid-type con- 
tactor ... you'll no longer have the nuisance of drilling 
special holes for each component and furnishing spe- 
cial insulation. 

Ward Leonard’s new Size 1, 2 and 3 DC Solenoid 
Contactors are unit-insulated—and have metal base 
plates which fit AC contactor dimensions. 

Same accessibility of wiring as AC contactors... 
silver-to-silver contacts .. . components interchange- 
able with AC contactors. 

Write for new Bulletin 1950. WARD LEONARD 
ELECTRIC CO., 34 South Street, Mount Vernon, N. Y. 
Offices in principal cities of U. S. and Canada. 
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effectively with any conventional 10-watt amplifier. In | 
the second speaker shown at right, developed by Bell 


Sound Systems, Inc., Columbus, Ohio, the air column 
principle is used to resonate a plastics tube, eliminating 
the beam effect present in conventional speakers. Speak- 
er is mounted in the top of tube and back pressure of 
cone sets air column in motion. May be used in con- 
nection with most amplifiers or radios. Ooo 


NEW REPRINTS AVAILABLE 


In this space each month new reprints of feature 
articles in ELECTRICAL MANUFACTURING will be listed. 
Single copies will be supplied free of charge to readers of 
record upon request to: 


J. A. Campbell, Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


In addition to articles previously listed from 1948 
issues and earlier (see December 1949, page 212) the 
following reprints from 1949 issues can now be supplied. 
Since quantities are limited in some instances, requests 
will be served in order of receipt. 

Plastics Can Be Electrical Conductors, November 1949 
—8 pages. New class of materials combines advan- 
tages of plastics with controllable resistivity. 

Basic Requirements for D-C Adjustable-Voltage Drives, 
November 1949—12 pages. Graphic presentation for 
those who select or design d-c drives. 

Technical Glass is NOT Just Glass, November 1949—10 
pages. Formulations for electrical uses and complete 
tables of properties for 28 types of glass. 

Preventing Fungus Damage, November 1949—4 pages. 
Causes of fungus attack and effective control mea- 
sures for electrical and electronic equipment. 


Impact of Military Requirements on Product Design, 
October 1949—12 pages. Influence of new materials 
and components, and new design concepts. 


Portable Batteries for Built-In Power Sources, August 
1949—-8 pages. Operating characteristics, space and 
weight data for wet and dry types. 

Three Control Systems for D-C Adjustable-Speed Drives, 
July 1949—8 pages. Comparison of magnetic ampli- 
fier, multiple-field generator and electronic. 

Bearings and Lubricants for High-Temperature Motor 
Operation, June 1949—8 pages. Results of Navy- 
Industry study of silicone base lubricants. 


What the Armed Services Want, March and April 1949— 
8 pages. Market for electrical and communication 
equipment; mobilization plan for the industry. 


Unified Screw Thread Standards, January 1949—4 pages. 
Significance of new standards and points of difference 
from former American standards. 

Built-In Controls for Pressure and Temperature, January 
1949—8 pages. Six factors that aid in selecting the 
most suitable and lowest cost control. 

Flea Power Industrial Synchronous Motors, January 1949 
8 pages. Analysis of operating principles, design 
details and performance of three types. 

Electrical Insulation—Navy’s Program Moves Ahead, 
November 1948—12 pages. Developments in glass- 
silicone and other new arc-resistant laminates. 


Prices for bulk quantities of the above reprints and 
those previously listed will be supplied upon request to ~ 
the Editor of ELEcTRICAL MANUFACTURING. 
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